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FOREWORD 
The  work described  herein  was conducted at the  American Cyanamid 
Company, Stamford Research  Laboratories, under NASA Contract NAS 3-8524 
with Mr. Meyer R. Unger, Space Power Systems Division, NASA-Lewis 
Research  Center, as Project Manager. 
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Thie report an l'7ASiA Contraat NAS 3-8524 covers work done with 
American Cyanamid AB-40 e l e a t r o b s   i n  aUmUne, matrb-type fuel u e l l s  
operating on hydrogen and oxygen. The principal objective WLLE t o  deter- 
mine and recommend preferred  matrix  materials and operating  conditiane 
under which these  electrodes w o u l d  be capable of 2OOO-hour perfommce 
i n  a total m o d u l e  ham a weight-to-pomr ratio  substantially lower 
than those presently available for space environment. The experimental 
program included  evaluation of potentially suitable matrix msterials and 
l i fe  testing  in a d 1  and i n  battery-size  cells. 
In  small c e l l  l i fe  t e s t s  with  aurrently  available  matrices,  the 
electrodes provided sustained high performance for  more than 2000 hours a t  
gO-lOO"C. and ourrent densities up t o  200 ma/cm% Stabi l i ty  was also 
achieved for  substantial periods at higher current densities (300-600 
ma/c&) or temperatures ( l 2 5 - 1 5 O o C .  ) than  are  generally employed i n  this 
type of fuel cell. Factors contributing t o  performance deolines were 
elucidated. 
Good scale-up of i n i t i a l  performance was obtained i n  several 
battery-size cells at current densities up t o  200-400 -/em2. Stable 
performance was obtained during two t e s t s   a t  100-200 ma/cm2 for  periods 
of 200-430 hours. Longer term stabi l i ty  was hindered by operational 
difficult ies.  
Preferred metricee and conditions were reccaumended for  2000 hour 
operation a t  90-lOO"C ard 100-200 ma/cm2 and for shorter duration at 
higher temperatures and current densities. Based on preferred conditions, 
a 2 MJ module which might incqvporate the AB-40 electrodes would weigh, 
exclusive of fuel and related tankage, close t o  50 lb/lM. 
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1. SU.IMARY 
Research e f fo r t  was directed toward determining and recommending 
the combination of matrix materials and operating conditions most l ike ly  
t o   r e s u l t   i n  high sustained performance of American Cyanamid AB& elec- 
trodes for xxx) hours or more at temperatures up t o  20O0C, pressures up 
t o  60 psig and current densit ies up t o  Ilxx) ma/cm2. The experimental pro- 
gram included preliminary evaluation of potentially  suitable  matrix materi- 
als and l i fe  tes t ing  at atmospheric pressure and at 45 psig. The major 
findings of t h i s  program are summarized below: 
I. SMALL CELL TESTING 
A. PREIJMINARY MATRIX EVALUATION 
1. Matrices  available at the   s ta r t  of the  contract period included 
Fuel Cell Asbestos, Quinterra Asbestos, and Ceria-FTFE. For the purpose 
of progressing toward the  maximum program objectives, several new matrices 
were introduced into the program with the  approval of the NASA Project 
Manager. These included proprietary Ceria -PC"E-PTFE,' a) Potassium 
Titanate-PTFE, PCTFE-PTFE, and R T E .  A l l  possess either a very good or 
a satisfactory combination of porosity (75-85$), ohmic r e s i s t i v i ty  (0.06- 
0.16 ohm-cm2), and room temperature bubble pressure ( 7-30 + psig) and 
exhibit negligible shrinkage in water or in KOH at room temperature. 
( a) Cerium oxide - polytetrafluoroethylene - polychlorotrif luoroethylene 
1 
2. Under typical  operating  conditions  (i.e. 6 6  KOH and P j O C ) ,  
the  F"E matrix area shrinks less (15-30$) than the areas of the  other 
new matrices (40-60$). Nearly a l l  of this shrinkage occurs during the  
first 70 hours. 
3. Corrosion tests indicated  the Ceria-PCW-F!E?E  and the Potassium 
Titanate" matrices t o  be potent ia l ly   useful  up t o  150°C a d  lOO-125"C 
respectively. 
1. lo3 l i f e  t ,est 
B. LIFE TESTING 
,s a t  atmospheric pressure and 30 l i f e   t e s t s   a t  
45 psig were conducted i n  26 em2 active area cells.  Major emphasis was 
placed on at ta ining (1) stable  performance with the Fuel Cell Asbestos, 
Quinterra Asbestos and Ceria-= matrices for  current  densi t ies  a t  
which s tab le  performance had not been achieved for more than a few 
hundred hours under the previous USA contracts( l l2)  (i  .e. a t   cur ren t  
densi t ies  above 100, 300 and 200 m/cm2 respectively) and ( 2 )  s table  
performance with the new matrices a t  temperatures above 100°C. One or 
two dupl icate  tes ts  were run under the same levels of operating variables 
which yielded stable performance. More extensive reproducibility was 
not sought i n   t h i s  program. 
S tab i l i t y  was defined a s  a voltage loss not exceeding 80 mV 
during 2000 hours and not more than 8 mV i n  any 200-hour period. 
Accordingly, the voltage decline rate was not t o  exceed 4.0 mV/lOO hours. 
Tventy-nine t e s t s  were stable for periods of 500 hours o r  more 
a t  temperatures up t o  l25OC or current densit ies up t o  600 ma/cm2. Nine 
of these met contract specifications. 
2 
The working voltage of about   half   the   l i fe  tests which were 
s tar ted decl ined at  more than twice the target rate.  Most of these test 
fa i lures  could be a t t r i b u t e d   t o  a canbination of high temperature or 
current density levels, operating conditions too far f rm the  optimum, 
or faulty test equipment. 
B--l.- LIFE TESTS AT ATMOSPHERIC PRESSURE 
1. I n  the  best  tests with  Fuel Cell Asbestos  matrix,  stable per- 
formance was obtained a t  100 ma/cm2 for  9700 hours a t  0.94-0.78 V and a t  
200-300 ma/cm2 f o r  periods up t o  5000 and 1600 hours with average voltages 
of 0.85 V and 0.81V respectively. 
2. A t  these same temperatures,  the  best  tests  with  Quinterra  Asbestos 
matrix were a t  200, 400, and 600 ma/cm2 for periods up t o  2300, 1300 and TOO 
hours respectively. Average stable voltages were 0.87 V, 0.82 V, and 0.76 V 
a t  t hese  same respective current densities. A nearly acceptable total voltage 
loss (92 mV) was obtained a t  400 ma/cm2 during 2000 hours. The stable per- 
formance attained at the unusually high current densities of 400-600 ma/cm2 
demonstrates the superior electrochemical performance of t h i s  electrode-matrix 
combination. It a l so  proves tha t ,  even during long term operation a t  t hese  
current densities, gas and liquid mass transfer processes within the cell are 
not limiting. 
3. The best   ests  with  the Ceria-FTFE matrix show that  it provides  table 
performance a t  g0-100'C and 200 ma/cm2 f o r   a t   l e a s t  2300 hours a t  0.86 V and 
a t  300 ma/cm2 for periods up t o  1300 hours a t  0.84 V. This matrix a l s o  
extends the operating temperature of alkaline matrix-type fuel cells  to 
125OC (100-200 -/ern2) f o r   a t   l e a s t  1200 hours(2) and t o  150°C (100 ma/cm*) 
for  400 hours. These temperatures make it possible t o  use very high KOH 
3 
r 
concentrations (60-6746) which raise average voltages at 100 and 200 ma/cm2 
t o  0.97-1.00 V and t o  0.93 V, respectively. 
4. With a l l  three matrices, performance s t a b i l i t y  at or  near the 
maximum current density investigated under this  contract  i s  achieved at 
least par t ly  by minimizing the overall   electrolse  concentration  gradient 
across  the matr ix  to  belaw 4% KOH. This is at ta ined by (a) operating a t  
or near the electrolyte concentration yielding maximum conductivity, ( b )  
suf f ic ien t ly  humidifying the gas feeds t o  provide a large difference 
( 2  20% KDH) between the  equilibrium  electrolyte  concentration and i ts  
so lubi l i ty  l i m i t ,  ( c )  removing nearly all product water a t  the anode. 
Stable performance with the Ceria-PTFE matrix at high current density 
(300 ma/cm2) also appears t o  depend on loading the matr ix  somewhat below 
i t s  electrolyte  saturat ion level  or  on using a wetting agent. 
5. The Potassium  Titanate-=  matrix gave s table  performance at 
100°C and 200 ma/cm2 fo r  2500 hours. The matrix u t i l i t y  i s  limited t o  
approximately 900 hours at 125"C, yielding an average voltage of 0.88 V 
at 200 ma/cm2, and is unsuitable at 150°C. 
6 .  The present  configurations of t he  Ceria-PCTFE-PTFE matrix is  
unsuitable at 125°C.  The present PCTF'E-FCFE and PTFE matrices are 
unsuitable at 150°C. 
B-2. UFE TESTS AT 45 PSIG 
1. Especially  high stable performance was attained at 45 psig  for 
periods up t o  2000 hours which were limited mostly by mechanical d i f f i -  
cu l t i e s  
2. A t  ~30°C  stable  voltages were 0.96 V at 100 ma/cm2 fo r  2000 
hours ( Ceria-PTFE matrix) and 0.94 V at 200 ma/cm2 fo r  1000 hours 
, (Quinterra Asbestos matrix). 
4 
3. A t  125°C (Ceria-= matrix)  stable  voltages for periods of 
500-1300 hours were 1.00 V at 100 ma/cm2 and 0.95 V at 200 ma/cm2 when 
the  ce l l s  were operated on 504 KOH. Operation at 60$ KOH raised these 
voltages t o  1.03 V and 1.00 V, respectively. Using re la t ive ly  th in  
(- 15 m i l )  matr ices ,  s tabi l i ty  was obtained at 300 rna/cm2 at exceptionally 
high voltages (0.954.96 V) though for  a very limited period (200 hours). 
C. CAUSES OF PERFORMANCE IDSS 
1. The s t ab le   l i f e  test data discussed above establish  the 
periods at various temperature and current density levels for which the 
electrodes and matrices are not seriously deteriorated. 
2. Post-test  polarizations show t ha t  the AB40 anode retains a l l  
or nearly all its electrochemical activity while operating a t  100°C for  
at least  2300 hours at 200 ma/cm , 1400 home at 400 ma/cm2, and 500 hours 
at 600 ma/cm2, and at 125°C for at least 800 hours at 100 ma/cm2.  The 
anode loses l i t t l e  or no ac t iv i ty  when as much as 153 of i t s  pore volume 
becomes f i l l e d  with occluded matrix. 
2 
3. The AB40 cathode retains a l l  or  nearly a l l  of i t a  ac t iv i ty  
while operating at 100 ma/cm2 for  a t  least  2000 hours at 90°C and 800 
hours at 125°C. More severe conditions loosen the catalyst from i t s  
support screen and cause substantial catalyst erosion ( @ + O $ )  during 
post-test washing. This erosion produces  performance losses averaging 
30 mV at 100 rna/cm2, increasing t o  60 mV at 400 ma/cm2. Since the  
catalyst  remains an integral  part of the cathode during cell  operation, 
the actual loss due t o   c a t a l y s t  loosening i s  probably less. 
5 
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4. Increases i n  the average anode alla cathode  crystall i te  nize,  
from 95 %i t o  a maximum of 155-165 1 during extended operation, do not 
appear t o  prevent stable performance. 
5. Matrices which degrade as much as  20-40$ i n  beaker  corrosion 
tests may nevertheless prwide stable performance a t   t h e  same tempera- 
ture and electrolyte concentration during equal or longer periods than 
in   the  corrosion tests, apparently because the limited amount of KOH 
i n   t h e   c e l l  causes less degradation. 
6 .  Sudden severe  voltage  losses  exhibited by a l l  of t he   f i l l ed -  
FTFE matrices except PTFE are  associated  with  their  tendency t o   t e a r  
because of their considerable shrinkage in hot KOH. 
7. Carbonate  formation in the  electrolyte was responsible  for 
as much as 20-86  of the total  vol tage loss. Both the amount of t h i s  
formation and the resulting voltage loss should be considerably less 
for a battery  stack  cperating  with  recycle  gas  stream( 6 ) .  
11. LARGE CELZ, TESTING 
1. Five  battery-size  cells  (234 em2 active  area) were used fo r  
i n i t i a l  performance studies and l i f e   t e s t i n g  at 90-125OC and 45 psig. 
One or  more modifications of a land and groove seal design i n  these 
c e l l s  provided good sealing with 20-mil Fuel C e l l  Asbestos, 3 O - m i l  
Quinterra Asbestos, and 2l-27-mil Ceria-WFE matrices. A large number 
of assemblies with 20-mil Quinterra Asbestos showed t h i s  matrix t o  be 
generally unsuitable with this cell  design since it consistently tore 
and caused gas cross-leaks. 
2. Good scale-up of i n i t i a l  performance was obtained  in several 
assemblies with Fuel Cell Asbestos, W - m i l  Quinterra Asbestos, and 
Ceria-- matrices at current densities up t o  200 ma/cm2, and i n  one 
assembly with 20-mil Quinterra Asbestos at current  densit ies up t o  400 
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ma/cm2. Scale-up voltage losses were 10-30 mV. Voltage losses were 
greater at  higher current deneit ies in these assemblies and a t   a l l  
current  densit ies in several other assemblies. 
3. A t o t a l  of 20 life tests were run  with  three  matrices,  mostly 
with one or m o r e  feed gases humidified, for periods up t o  760 hours. 
Voltage decline rates were generally high or e r r a t i c   a t   l e a s t   p a r t l y  
because of d i f f i cu l t i e s  i n  closely controlling the small water feed 
rates .  Stable  performance was obtained during two tests for periods 
of 200-430 hours. 
111. RECO"ENDA!ITONS 
1. Fuel Cell Asbestos and 95/5 Ceria-PTFE matrices  are recommended 
for 2000-hour or longer operation a t  100-200 mA/cm2 erd 90-loo0c. fie- 
wetting the electrodes with electrolyte is recammended t o  insure stable 
performance. Operation a t  45 psig and 3 6  or 5C$ KOH, removal of a l l  
product water by hydrogen feed a t  a dew point of 55-72"C, end dry  oxygen 
feed are preferred. 
Under preferred conditione, average voltages d u r i n g  2000 hours 
would be 0.96-0.98 V a t  100 ma/cmE and 0.91-0.93 V a t  200 ma/cm2. Paver 
densi t ies  would average 90 and 172 wat t s / f t2   a t   these  same respective 
current densit ies.  
2. Preferred  conlitions were also recommended for high and stable  
performance for substantial periods (within the range 400-1600 hours) 
at higher current densities ( ~ 0 6 0 0  ma/cm2) or temperatures ( 1 2 5 - 1 5 0 ° C )  
than those generally employed in  a lkal ine matr ix  fuel  cel ls .  Direct ly  
or indirectly this higher current density or temperature capability 
could reduce the weight per net power of a module or the  weight 
of fue l  and related tankage for a given mission time. Alternatively, 
it would provide high overload capacity for a module tha t  might 
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operate a t  lower naninsl current density and temperature. 
3. Based on preferred  conditions a t  200-400 m/cm2, a 2 W module 
incorporating the AB-40 electrodes and currently  available matrices 
would weigh, exclusive of fuel and related tankage, close t o  50 lb/kW. 
4. Suitable matrices should  be eveloped in order t o  realize 
the fill potential of the AB-40 electrodes for space applications. 
With suitable matrices, the electrodes might possibly provide exceptionally 
high sustained performance for 2000 hours or more a t  temperatures up t o  
2WoC and current densities up t o  at   least  600 ma/cm2. 
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2. INTRODUCTION 
2.1 Prior Work 
Light-weight fuel ce l l   ba t te r ies   capable  of producing large 
quantit ies of energy appear feasible for awce applications. High per- 
formance light-weight electrode systems are an essent ia l  p ~ r t  of these 
ba t te r ies .  Work completed previously under NASA Contracts NAS 3-2786(l) 
and NAS 3-6477(*) showed that American Cyanamid AB-4-0 electrodes give 
high and sustained performance in  alkaline  matrix-type  fuel  cells  oper- 
a t ing  on hydrogen and oxygen. It was established that substant ia l  
i n i t i a l  performance advantages are obtained at current densit ies up t o  
300-400 ma/cS by employing high electrolyte (KOH) concentrations (50- 
80%). Intermediate temperatures (100-200~~) are required for operation 
at these concentrations and are a lso   po ten t ia l ly  advantageous for the  
removal of waste heat and product water from a bat tery system. A t  a l l  
current densities, operation a t  intermediate pressures (45-60 psig) 
provides  substant ia l  gains  in  ini t ia l  performance without s ignif icant ly  
increasing the estimated weight of a bat tery system. Highest i n i t i a l  
working voltages obtained a t  current densit ies of 100, 4-00 and 1000 
ma/cm2 were 1.10 V., 0.95 V. and 0.82 V. respectively. 
It was shown that attainment of these performance leve ls  for  
sustained long term operation depends primarily on the  avai labi l i ty  of 
a su i t ab le  mt r ix .  Asbestos matrices (Fuel Cell Asbestos, Quinterra 
Asbestos, ACCO-I and ACCO-I1 Asbestos) available a t  the start of Contract 
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NAS 3-6477 imposed an upper temperature umit of approximately 100"~ 
fo r  long term operation. A new proprietary lnatrix (Ceria-PTFE) exbended 
t h i s  limit t o  at l eas t  l25OC but not t o  150°C. With these matrices, 
high performance was sustained i n  26 cm2 act ive area c e l l s  a t  atmospheric 
pressure for I200 hours or more, both at 100°C for   current   densi t ies  up 
t o  300 ma/cn~, and at 1 2 5 " ~  f o r  current densit ies up t o  200 ma/cm*. 
Performance s t a b i l i t y  was demonstrated at higher temperature (150°C) for  
up t o  400 hours, and at higher pressure (45 pig) fo r  up t o  580 hours. 
A bat te ry-s ize   ce l l  (234 cm2 act ive area)  was operated stably at atmos- 
pheric pressure for 1000 hours. 
Based on the best sustained performance l eve l  achieved either 
at atmospheric pressure (0.97-0.87 V. at 100-300 ma/cm2 respectively) 
or a t  45 psig (1.03-1.00 V. at 100-200 ma/cnZ respectively), it was 
estimated that a t o t a l  2 kW module which might incorporate the AB-40 
electrodes would weigh, exclusive of f u e l  and r e h t e d  tankage, less than 
50 lb/net kW. Attainment of s t i l l  better sustained performance appeared 
t o  depend on the further development of improved matrices capable of 
operating a t  150-200°C ana/or a t  current densit ies above 300 m/cn?. 
2.2 Objectives 
The primary objective of this  contract  2s to determine and 
recornend the cmbinations of matrix materials and operating conditions 
most l ikely  to   resul t   in   the  high  sustained performance of AB-40 elec- 
trodes  for 2000 hours o r  longer at temperatures up t o  20O0C, pressures 
a 
up t o  60 psig and current densit ies up t o  1000 ma/cm2. Performmce 
s t a b i l i t y  is defined as a voltage loss not exceeding 80 mV during 
2000 hours and not more than 8 mV i n  any 200-hour period. 
2.3 Scope 
The scope of work t o  be done by American Cyanamid Compasy i s  
shown i n  the following description which i s  a condensation of the 
Schedule of Work for Contract NAS 3-8524. 
The contractor shall make available, a t o t a l  of f i ve  (5 )  6" x 6" act ive 
area pressure cel ls ,  and four (4)  2" x 2" act ive area pressure cel ls  
and their  associated tes t  r igs .  The nine designated cells will be used 
t o  perform continuous l i f e   t e s t s  under conditions approved by the NASA 
Project Manager. Cells which operate satisfactorily will continue on 
test f o r  2,000 hours, a f t e r  which new c e l l s  will be substituted so that 
the maximum amount of tes t ing  can be accomplished within the period of 
performance. Atmospheric pressure endurance t e s t s  shall be performed 
i n  the twelve (E) 2" x 2" c e l l s  which were made available during 
Contracts NAS 3-2786 and NAs 3-6477. 
As a para l le l   e f for t  performed over the first s ix  months of the contract 
period, the contractor shall i nves t iw te  promising electrolyte matrix 
materiala. Materials w i l l  be evaluated first by imers ion  in  KOH solu- 
t ions.  Those which perform sa t i s fac tor i ly  wil be tested in 2" x 2" 
atmospheric pressure fuel cells and i f  s t i l l  promising, will be factored 
i n t o   t h e   l i f e   t e s t  program. 
A t  the conclusion of t h e   l i f e  tes t  program, the contractor shall recom- 
mend operating conditions which appear to   del iver   the  best  combinations 
of c e l l   l i f e  and efficiency. 
3 .  SMALL CELL TESTING 
Smll cell   testing  included  preliminary  matrix  evaluations 
and l i fe  t e s t ing  at atmospheric pressure and at 45 psig. "Two-inch cel ls ' '  
having  an  active  area of 26 cm2 were used in t h i s  work. 
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3.1 AB-40 Electrodes 
American Cyanamid AB-& electrodes, used as both anode and 
cathode, were employed previously under NASA Contracts NAS 3-27%(l) 
and NAS 3-6477(2). In the  former contract they were known as "high 
loading electrodes." These electrodes contain 40 mg pt catalyst/c& 
and one th i rd  as much PTFE used as a binder-waterproofing agent. This 
waterproofing and a high degree of porosity in the electrodes provide 
suitable contact among gas, catalyst and electrolyte .  The catalyst-  
waterproofing mixture is supported on a 24 mesh, 14-mil *re, nickel 
screen plated with 0.05 m i l  of high temperature gold. The electrodes 
a re  28 mils thick. 
3.2 Matrix  Evaluations 
3.2.1 Bubble Pressures of Previously-Available ?&,trices 
The bubble pressures of matrices of prime in t e re s t   t o   t he  
program (Fuel Cell Asbestos, Quinterra Asbestos, and Cer ia -mE)  were 
determined under typical operating conditions, i.e.,  a t  1 0 0 " ~  and 50$ 
KOH with hydrogen as the  t e s t  gas. Bubble pressures were reported 
previously(2) for these matrices saturated with water a t  room temperature 
using nitrogen as the test gas. I n  order t o  ob ta in  a d i rec t  comparison 
with these previous data, measurements were made i n  the  kind of unit ,  a 
two-inch c e l l  of the type used for atmospheric pressure l i f e   t e s t i n g  
assembled with a P"E screen i n  place of the electrodes. Additional 
measurements were made with electrodes i n  place. 
place. 
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Different   thichesses  of PPFE frames were employed around the  
matrix t o  vary i t s  compression, and KOH loadings were chosen t o  saturate 
the  compressed matrix. In each determination the pressure was ra i sed  in  
increments of 1 psig/minute up t o  6 psig and 2 psig/minute  thereafter. 
The bubble pressure was taken as that pressure at which more than one 
bubble/minute leaked through the matrix. Table 3-1 summarizes the resul ts .  
Bubble pressures measured 5n assemlies   with  the FTFE screens 
were generally  satisfactory (>  5 psig) though not highly reproducible. 
Thus, t r i p l i c a t e  measurements were in the range 7.5-35 psig for  20-mil 
F’uel Cell Asbestos, 1-40 psig  for  20-mil Quinterra Asbestos, 25-50 psig 
f o r  30-mil Quinterra  Asbestos and 6-35 psig  for  25-34 mil Ceria-PTFE. 
Average bubble pressures are 26, 16, 38 and 21 psig for these same respec- 
tive matrices. These values were nearly the same (within 4 psig) as they 
were a t  room temperature with the matrices saturated with water. (2) 
I n  c e l l s  asserdbled with electrodes, the bubble pressure was 
either negligible or was highly non-reproducible. This occurred either 
at the same levels  of matrix frame thickness and KOH l a d i n g  used Kith 
FTI?E screen assemblies or at different levels of these variables. The 
asserdbly factors  causing  these low bubble pressures are not readily 
apparent. 
3.2.2 Properties of New Matrices 
The evaluation of new matrix  materials was aimed at extending 
the temperature range for stable performance up t o  125-200°C for  2000 
hours or more. Towards t h i s  end, four proprietary matrices, similar i n  
s t ruc tu re   t o   t he  Ceria-FTFE matrix, were introduced into the program. 
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matrices do not w e t  i n  KOH, they were wetted by incorporating per- 
fluorinated surfactant F C - U ~  (3 M Company) i n  the electrolyte .  
Table 3-2 compares the  properties of these new matrices with 
those of the Ceria-PTFE matrix. A l l  possess a good coribination of high 
porosity, low ohmic resistance, and high bubble pressure at room temper- 
ature. The Ceria-PCTFE-FTFE and Potassium Titanate-FWE matrices have 
approximately the same bubble pressure and ce l l   res i s tance  as the Ceria- 
PTFE matrix. The F'CTF'E-PTFE matrix has similar bubble pressure and 
somewhat lower resistance. The FTFE m t r i x  has lower bubble pressure 
and higher  resistance. 
Like the  Ceria-PTFE mtrix, the new matrices as prepared are 
saturated with water and are   equi l ibra ted   d i rec t ly   in  KOH solution at 
PTFE matrix, a l l  have negligible area loss i n  both media a t  room 
tempemhre.  
Figure 3-1 shows the range of area with time under typical operating 
conditions (i.e. 60$ KOH at 1 2 5 O C )  for each matrix. The data fo r  each curve 
are  averaged from 3-6 samples of a given m t r i x  batch. Two different batches 
were tes ted  f o r  all matrices except Ceria-WE. Within periods up t o  300 hours, 
PTFE m t r i c e s  shrank the   least ,   los ing 15-30$ of the i r   a r ea  compared t o  38-62q6 
fo r  Ceria-WE, Ceria-PCWE-FTFE and PCTFE-FTFE m t r i c e s .  Nearly a l l  of t h i s  
shrinkage occurred within the f i r s t  70 hours. !!The Potassium Titanate-PTFE 
matrix had approximately the same loss of area as the PSlFE matrix during the 
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f i r s t  190 hours. Hcwever, i n  one determination this loss accelerated 
t o  57s. 
Corrosion of the  Ceria-PClTE-PTFE and Potassium Titanate- 
PTFE matrices i n  50-75$ KOH was determined a t  100-2OO6C, mostly for  
500 hours. In these tests 3-13 g samples of the matrix were immersed 
i n  400 cc of KOH within sealed FTFE beakers. The corrosion solutions 
were analyzed fo r  cerium, titanium, fluoride and chloride ions. Total 
matrix weight losses computed from these individual component losses 
are  compared i n  Table 3-2 with those measured direct ly .  The  Ceria-PCTF’E- 
PTFE matrix lost 1.4$ of its weight a t  100°C, 6.6% a t  1.50”~ and d is in te -  
grated into a precipitate at  2OO0C, primarily due t o  considerable 
dissolution of PCTFE. The  amount of PC”E apparently dissolved a t  100°C 
and 150°C i s  supported by the  re la t ive ly  good agreement between the 
f luorine/chlor ine rat io  in  solut ion (1.5 and 2.0) with that present in 
the polymer (1.6). The Potassium Titanate-F‘TF‘E matrix lost 10.4% of 
i ts  weight a t  100°C, 1% a t  150°C and approximately 61$, within 140 hours, 
a t  200°C. 
Apparent weight losses of FTF’E in these matrices were determined 
from the  amount of fluoride ion in excess of t h a t   a t t r i b u t a b l e   t o   t h e  
corrosion of any PCTFE. These a re  shown as maximum values because some 
PTFE could have dissolved fiom the beaker walls. I n  any case, the 
maximum values for three samples a t  100-150°C are surprisingly high, 
since PTFE is reported t o  be practically ccmpletely inert chemically 
except i n  molten alkali  metals and fluorine. ( 3 )  Additional data would 
be required t o  unambiguously determine the weight loss of matrix F”E. 
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TABLE 3-1 
MATRIX BUBBIX PESSURES UNDER OPERATING CONDITIONS 
Cell: Two Inch 
Temperature : 100°C 
KOH Cono . : 50% 
Test  Gas:  Hydrogen 
KOH Loading  Th ckness (Mils) 
Electrodes  Total in (a)  U compressed  Matrix 
in  Cell &ErJ Cell  (g>  Frame
Fuel  Cell  Asbestos  Matrix 
NO 1.07 2.7 20  20 
No 1.07 2.6 20 20 
No 1.07 2.6  20  20 
Ye s 0.24 209 20 11 
Ye s 3.24 3.2  20 11 
Yes 0.24 2.9  20 11 
Ye s 0.65 4.0 20 11 
Ye s 0.65 J+.l 20 11 
Ye s 0.65 4.0 20 11 
Ye s 0 .65 3.9 20 16 
Ye s 0.65 3.8 20 16 
Yes 1.07 4.9 20 22 
Ye s 1.07 4.9 20 22 
Ye s 1.07 4.8 20 20 
Ye s 1.07 4.9 20 20 
Yes ~ 0 7  4.7 20  20
Ye s 1.50 6.1 20 20 
Quinterra  Asbestos  Matrix (20 Mils) 
No 1.78 2.9 20 20 
No 1.78 2.9 20 20 
No 1.78 2.9 20 20 
Ye s 0.65 3.8 20 11 
Yes 0.65 3.7 20 11 
Yes 1.18 4.6 20 16 
Ye s 1.18 4.4 20 16 
Ye s 1.78 5.3 20  22 
Yes 1.78 5.3 20 22 
Ye s 2.50 6.2  20  20 
Bubble 
Pressure 
(Psig) 
7.5 
35 
35 
0.5 
1.0 
2.0 
1.0 
1.0 
0 
30 
30+ 
18 
28 
0 
0 
0 
0 
1.0 
6.0 
40 
0 
2.0 
0 
2.0 
0 
0 
0 
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TABLE 3-1 (Continued) 
KOH Loadin  Thickness (ais) 
Electrodes  Total  in  (a)  Uncompressed Matrix 
Matrix (b) Frame in  Cell 
Quinterra  Asbestos  Matrix (30 Nils) 
No 1.78 4.3 
No 1.78 4.4 
No 1.78 4.3 
Ye s 1.78 7.0 
Ye s 1.78 6 -7 
Ceria-PTFE  Matrix 
No Full 5.6 
No N l  6.6 
No Full 6.7 
Ye s Full 8.3 
Yes rnll l  8.5 
Ye s N l  8.2 
Ye s N l  9.5 
Yes Full 7.6 
30 
30 
30 
30 
30 
25-28 
23-34 
28- 3 4 
50 -33 
26-30 
3 1  
31-34 
27-30 
30 
30 
30 
31  
3 1  
20 
20 
30 
22 
22 
3 1  
31 
25 
Bubble 
Pre s sure 
(PSid 
25 
50 
40 
0 
0 
6.0 
22 
35 
0 
0 
0 
0 
0 
(a) In cells  assembled  with  electrodes, 25-755 of the  total  electrolyte 
in the  cell  was  introduced  in  the  electrodes  prior  to  cell  assembly. 
(b)  Matrix  thicknesses  shown  are for dry  asbestos  and  wet  Ceria-PTFE.  Uncompressed 
wet  thicknesses of Fuel  Cell  Asbestos  and  Quinterra  Asbestos  are  approxi- 
mately 40% and 150% higher  respectively. 
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TABLE 3-2 
PROPE3TIES OF IM MATRICES 
Matrix 
Ceria-  PCTFE-PFFE 
Potassium  Titanate-PFFE 
PCTFE-FITE 
PrFE 
Ceria- PTFE 
" 
" 
Cell 
Porosity  Resistance  Pressure 
Bubllle 
($! (Milliohms) ( p s i g )  -1t 23OC at 23OC -t 125OC 
. .  . 
Water 50.6 KOH 6c,$ KOH 
80-85  12-15 13-19  3-7 1-7 kl-52(b) 
(a) Corrosion  samples (2 -3  in.  souare)  were  immersed  in 400 cc of KOH solutions. . .  
(bj Within 70 hours. 
(d) Matrix  Phvsicallv  disintearated. 
(c) Maximum Corrosion of PTFE in matrix  since PTFE beakers  held  corrosion  solutions. 
- .  
" 
" 
Weight Loss ( $ ) ( a )  
Corrosion  Ccnditions 
KOH 
Temp. Conc. Duration 
Individual  Components 
Based on From 
Total Matrix 
(OC) (%) (HOWS) ceria PCTFE PTFE Titanate Analysis Weight 
Potassium  Solution  T tal 
(ej Within 170 hours; 
(f) Within 300 hours. 
(h) Data reported  previous$2~. 
( e )  Some  solids  separated p s cally from matrix. 
I 
60 
55 
50 
.- 4S 
~ 
--< 
w 40 
'" <
~ 35 
III 
~ 30 
~ 
< 25 
'" w 
~ 20 
15 
10 
5 
LOSS OF MATRIX AREA IN 60% KOH AT 125·C 
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I 
I 
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I 
___ - -lC Potassium Titanate-PTFE 
~ __ -------o Ceria-PTFE 
o "~ __ ~ __ ~~ __ ~ __ L-~ __ ~ __ ~~ __ ~ __ L-~ __ ~~~~ __ ~ ______________ ~ 
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FIGURE 3-1 
3.3 LIF'E TESTING .. 
S m U  ce l l  l i f e  tests were conducted to demonstrate stable 
performance at  the highest  current densit ies and temperatures feasible 
with available matrices. A secondary objective was the determination 
of operating variable effects on performance s t ab i l i t y .  Based  on the 
stability c r i t e r i a  of Section 2.2, t he  overall voltage decline rate 
should not exceed 4.0 mV/lOO hours. 
A t o t a l  of 103 t e s t s   a t  atmospheric pressure and 30 t e s t s   a t  
45 psig were run. Table 3-3 summarizes the  s tab i l i ty  of these tes ts  
according t o  temperature and current density. 
Nine t e s t s  met contract  specifications for stable performme, 
operating for 2000 hours or more at g0-lOO"C and current densities up 
t o  200 ma/cm2. 
Nine addi t ional  tes ts  were stable f o r  periods of lOOO-l5OO hours 
at go-100"~ for  current  densit ies up t o  400 m a / c ~  and at 1 2 5 " ~  for  current 
densit ies up t o  200 ma/cm2. Eleven other  tes ts  were stable for periods of 
500-1000 hours at current  densities up t o  600 m/cr?. 
The working voltage of about half the l i f e  test s which were 
started declined at more than twice the target  rate. Most  of these  tes t  
failures could be a t t r i bu ted   t o  a combinatSon of high temperature or 
current density levels, operating conditions too far from the optimum, 
or faul ty  test equipment. 
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Table 3-4 shows s-kble voltages (average voltage Over the first 
2000 hours) and voltage decline rates for  those tests which passed con- 
tract specifications. Three different asbestos =trices (ACCO-I Asbestos, 
Fuel Cell Asbestos, and Quinterra  Asbestos) and two FTFE-filled m t r i c e s  
(Ceria-FTF'E and Potassium Titanete-€?tT!E) a l l  provided s t a b i l i t y   a t  ~0-lOO"C 
and 100-200 =/an2. A t  atmospheric pressure stable voltages were generally 
0.93 v a t  100 ma/cm2 and 0.85-0.87 v a t  200 ma/cm2. The lower voltage 
obtained i n  one test with  the Potassium Titanate-= matrix a t  200 ma/cm* 
(0.82 V) was due t o  a sudden 30 mV drop apparently caused by an operating 
malf'unction. Operation a t  45 psig increased the stable voltage a t  100 m/cm2 
t o  0.96 V. Teste with the Fuel Cell Asbestos ma t r ix  continued t o  operate 
stably for periods up t o  9700 hours a t  100 ma/cm2 and up t o  5000 hours a t  
200 ma/cm2.  Most other  tes ts  were terminated ear l ier ,  e i ther  arbi t rar i ly  
or by a system malfunction. 
Table 3-5 shows stable voltages and voltage decline rates for  
t e s t s  which were s table  for  5OO-l5OO hours at current densities o r  temper- 
atures above those for which 2000-hour s t ab i l i t y  was demonstrated. 
A t  atmospheric pressure and 9O-10OoC, Fuel Cell  Asbestos 
Quinterra Asbestos and Ceria-FTF'E matrices yielded stable performance at 
300 ~ / C I I ?  for periods up t o  lOOO- l65O hours at stable voltages of 0.81- 
0.84 V. With Quinterra Asbestos, stable performance was achieved for 
substantial periods at unusually high current densities, i.e., 0.82 V. 
a t  4-00 ma/cm2 f o r  1360 hours and 0.76 V. at 600 m/cm2 f o r  500-710 hours. 
The Ceria-ITFE and Potassium Titanate-PTFE matrices permitted operation 
a t  higher temperature (125OC ) and provided s t ab i l i t y  a t  200 m/c& and 
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0.88-0.91 V for sl ightly over 900 hours. Very high performance was 
achieved with the Ceria-FTF!E matrix, for periods of 540-1360 hours, by 
operating a t  E 5 O C  alld 45 psig. Depending on the electrolyte concen- 
tration, stable voltages were 1.00-1.03 V a t  100 ma/cm2  and 0.95-1.00 V 
a t  200 ma/cm2. 
L i f e  tests a t  atmospheric pressure and a t  pressures above 
atmospheric are discussed separately below in greater detail. 
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3 -3 1 A W S P H E R I C  PRESSUFS WFE TESTING 
3 .3.1.1 Test Conditions 
*Jar emphasis was placed on ( 3 )  at ta ining  s table  perfo-ce 
with  PreViOtXu  available matrices (Fuel C e l l  Asbestos , Q u h t e r m  Asbestos, 
and Ceria-mE) at Current densities above those achieved under the   pr ior  
NASA (i-e-,  above 100, 300 and 200 ma/cm2 respectively) and 
(2) at ta ining stable performance wTth new -trices at temperatures above 
100-125 O c  . 
Tests were conducted a t  9O-l5O0C,  30-67$ KOH and 100-600 me/crn2 
with humidified i n l e t  gases. In  nearly a l l  tests, the electrodes were 
pre-wet with  e lectrolyte   to  15-255 of the i r  weight before they were 
assembled in  the cell.  
3.3.1.2 Test Cells and Stations 
The tests were carried out i n  gasketed f la t -plate  two inch 
ce l l s  (26 cm2 active area ) a t  10 stations equipped with water saturators 
for humidifying both the hydrogen and the oxygen. The . c e l l  and s ta t ion  
designs were described previously(1j2) i n  de ta i l .  The hydrogen was a 
pre-purified grade (Airco) containing approximately 3 ppm COS, 1 ppm CO 
and 0.1 p p  02. The  oxygen (Airco) contained approximately 5 p p .  of 
COP. I n  order t o  remove COB, both gases were passed through Ascarite 
scrubbers in the  g a s  manifold and then through liquid caustic scrubbers 
located a t  each station. Caustic solutions were changed every 2-5 days, 
depending on the gas flow rate .  
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3.3.1.3 Test Procedures 
P r i o r   t o  start-up, a polarization curve was run on dry gases 
at current densities up t o  1000 xm/c#. The l i f e  test was then run on 
humidified gases at constant current. Cell voltage and temperatures were 
monitored cmtinuuusly and recorded daily. C e l l  internal resistance and 
saturator temperatures were also recorded daily. 
Product water formed by the   ce l l   reac t ion  was removed by vapor- 
iza t ion  in to  an excess flow of reactant gases. In nearly a l l  tes ts ,  both 
gases entered the cell  at the same dew point. Under these conditions, 
the  total   required flow of i n l e t  gas i s  
7.6 I (1 + 1.5 Y e )  
Ye - Y i  
Fi = 
where F i  = t o t a l   i n l e t  f low of H2 + 02 (cc/min at 23 'C + 0 psig) 
I = ce l l   cur ren t  (Ampa) 
moles Hz0 Pi O 
[mole gas ] = 760-Pia Y i  = hwnlaity of i n l e t  gas 
moles Hz0 Pe 
Ye = humidity of ex i t  gas [ mole gas ] 760-Pe ' 
where P i  and Pe0 = vapor pressure of water (mm) in  the  in le t  gases  and 
i n  the  cel l   respect ively.  
The vapor pressure of the inlet  gases  depends on tne saturator 
temperature. The c e l l  vapor pressure depends on t h e  c e l l  temperature and 
the KOH concentration. Vapor pressures a t  100°C and 30-60$ KOH were taken 
from the Internat ional  Cri t ical  Tables. ( 4 )  Vapor pressures a t  l25-200'C 
and 50-80$ KOH were W e n  from established  extnqolations. ( 5 )  
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where FeH a F& = exi t  flow rate8 of 
& and 02 respectively - at 23Oc dc 0 psig [:I 
The exi t  flowswere measured at least  twice weekly with high accuracy by 
means of a Vol-U-Meter flow rate  cal ibrator  (G. H. Porter, Inc.) and 
adjusted i f  necessary t o  t h e  proper level. In  addition, approximte 
checks of all &as flow m t e s m e  =de a t  leas t  daily using precieion 
rotasmeters. 
3.3.1.4 Teat Results 
Table 3-6 gives test conditions and results. The table  shows 
initial and final voltages and average voltage decline rates. The 
" in i t ia l  voltage" i s  the maximum voltage obtained within 100 hours a f t e r  
the stuctr of the test .  In most run6 where the  e l e c t r o w e  was not aon- 
centrated within the a e l l  (30-50$ KOH), the i n i t i a l  voltage was the same 
a n  the voltage when the ce l l  1188 .first put 011 load. In runs vhere the 
eleatrol$se n s  cancentzuted within the c e l l  (55-67$ KOH), the   in i t ia l  
voltage generally rose t o  audmum level. The "average voltage aecline 
- rate" wan taken f r a  the avenge slope of 8 voltage-time plot. In most 
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runs, the overall decline rate was well defined despite smll fluctuations. 
Where these fluctuations were large,  the decline rate i s  l i s t ed  as "erratic." 
The decline rate i s  l i s t e d  as "accelerated" in those few tests where it 
accelerated throughout Wrt or a l l  of the test period. Where the voltage 
decline rate changed during a t e s t ,  each decline rate i s  noted sewrately. 
An additional decline rate i s  shown at the end of 2000 hours f o r  a l l  t e s t s  
which ran for that length of time. The Iff inal voltage" i s  the voltage a t  
the end of a period of defined average voltage decline rate. In most runs, 
t h i s  was also the voltage at the time the test  was terminated. 
Figures 3-2 through 3-31 show voltage-time and resistance- 
time curves for nearly a l l  t e s t s  which ran more than 100 hours. Test 
resul ts  are discussed according t o   m t r i x  type in Sections 3.3.1.4.1 
through 3.3.1.4.8. 
3.3.1.4.1 Test with ACCO-I Asbestos Elatrix 
Test 2-35", started during the previous contract a t  100°C and 
100 ma/cm2, ran stably for  5000 hours a t  0.93-0.94 V. (Figure 3-2). 
Throughout the test ,notincluding the brief r ise in voltage which occurred 
at 2800 hours from an inadvertent interruption in the oxygen feed, the 
voltage decline rate was 0.4 mV/lOO hours. After 5000 hours the t e s t  
was terminated t o  make the  station  available for new t e s t s .  
3.3.1.4.2 Tests with Fuel Cell Asbestos Matrix 
3.3.1.4.2.1 Test at 100 ma/cm2 
Test 2-324 was started under the previous contract with Fuel 
Cell Asbestos a t  100°C and 100 ma/c&. Performance was very stable for  
9700 hours at an overall decline rate of 1.6 mV/lOO hours (Figure 3-3). 
Thereafter, the decline rate accelerated and the   t e s t  was terminated. 
3.3.1.4.2.2 Tests at 200 ma/cm2 
Tests conducted with the Fuel Cell Asbestos rnatrix under the 
previous contract were unstable at current densities above 100 ma/c@. 
Those t e s t s  had operated at 100°C and 5 6  KOH: The reactant @;ases 
had en terea   the   ce l l   countermen%ly at dew points (45-55°C) which limited 
the maximum equilibrium KOH concentration t o  only 5-10 weight percent 
below the solubili ty limit (65$). Ins tab i l i ty  was at least  par t ly  caused 
by the relatively high KOH concentration gradients (mostly 4") which 
formed between anode and cathode wder  these  conditions. 
Under the present contract, satisfactory decline rates were 
obtained a t  200 ma/cm2 when the concentration gradient was reduced t o  
below 45. This was accmplished by  one or more of the following 
changes made in the operating conditions: (1) reducing the nominal 
electrolyte concentration t o  3C$ i n  order t o  increase i ts  con- 
ductivity (while simultaneously reducing the temperature t o  90°C t o  keep 
the partial presence of water at a moderate leve l ) ,  (2)  increasing the 
difference between the maximum equilibrium KOH concentration and the 
solubi l i ty  limit t o  20-28$ by humidifying the  inlet   gases a t  higher i n l e t  
dew points (70-72°C) and ( 3 )  operating with co-current gas flow, mostly 
with the oxygen feed nearly dead-ended ( ex i t  H2/02 r a t io  = 12). 
Figure 3-4 shows three   t es t s  at W"C, 30$ KOH and 200 ma/cm2 
which passed contract specifications. In two of these tests (2-602, 
2-621) the electrodes were, as usual, pre-saturated with electrolyte 
before being assembled i n  the cel l .  The remaining t e s t  (2-632) operated 
with i n i t i a l l y  dry  electrodes at the same total   electrolyte  loading  in 
the cell.  Excellent reproducibility of perfomnce was obtained during 
t h e  i n i t i a l  2700 hours. Ini t ia l  vol tages  were 0.87-0.88 V. and decline 
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ra tes  1.5-1.7 mV/lOO haura. Test -2-632 demonstrated that dry electrode 
aserembly is satisfactory for long term performance s t a b i l i t y  provided 
that  suff ic ient  e lectrolyte  is  loaded in to  the  cell  via the matrix. 
Test 2-621 ran stably fo r  5000 hours except f o r  a 480 hour 
period (2800-3280 hours) during which the voltage dropped 60 mV and 
then recovered. A t  5000 hours, following a b0 hour period of v i r tua l ly  
no voltage change, the voltage rapidly dropped 50 mV., apparently the 
resul t  of an operating malfunction following a scrubber change. Test 
2-602 continued t o  operate stably at a decline rate of 2.5 mV/lOO hours 
u n t i l  3120 hours, a f t e r  which the   t e s t  operated at a nearly stable decline 
ra te  (7.5 mV/lOO hours)  unt i l  3860 hours. During the final 500 hours, 
the decline rate was 5.5 mV/lOO hours and the  tes t  was terminated. An 
addi t ional  tes t  run (2-610), under the same conditions as 2-602 and 
2-632, operated stably for  1070 hours and then became unstable (Figure 
3-5 1 
A number of t e s t s  were operated a t  levels of KOH concentration 
(35-40$), temperature (93-10O0C), mstrix thickness (1.5 mils), KOH loading 
(2.5 g/g matrix) or exit H2/02 r a t i o  (1-10) different from those employed 
in  the  tes t s  which passed contract specifications. Figure 3-5 shows those 
which were run at  200 m/c@ throughout their duration while Figure 3-6 
presents those which operated a t  200-300 ma/cm2. only Test 2-458 was stable 
for even a limited period (620 hours). Limited direct  comparisons from 
among all t e s t s   a t  200 ma/cm2 indicate t h a t  performance is more stable a t  
3@ KOH than a t  35% (TLT-2602, 2-621, 2-47!?]. A KOH loading much above 
1.5 g/g matrix causes rapid voltage decline ( TLT-2-477, 2-476). 
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3.3.1.4.2.3 Tests at 300 m/c@ 
The operating conditions which gave s t ab i l i t y  with the 20 mil 
Fuel Cell Asbestos matrix a t  200 ma/cm2 for  periods up t o  5000 hours a l so  
gave s t ab i l i t y  at 300 m/c$ for periods up t o  1650 hours. Figure 3-7 
show6 the best  tests operated under these conditions. Initial voltages 
were 0.83-0.85 V. Tests 2-611 and 2-631, with a 1.0 g electrolyte/g 
matrix loading, operated stably for 1340-l.650 hours at decline rates of 
3.1-4.0 mV/lOO hours. During the next 'jOO-600 hours, the decline rates 
accelerated t o  12-13 mV/lOO hours t o  give overall decline rates during 
the 2000-hour period of 5.0-5.8 mV/lOO hours. Test 2-491, operating at 
a 1.5 g/g l a d i n g ,  met t he  s t ab i l i t y  c r i t e r ion  fo r  880 hours. During 
the next 800 hours the decline rate increased to 8 mV/lOO hours and the 
t e s t  was terminated. 
These same, apparently optimum, operating conditions a l s o  gave 
nearly stable performance (5-6 mV/lOO hours decline rates) for about 
900 hours in three tests using 15-mil thick mtrices (Figure 3-8). 
Other operating conditions generally yielded unstable perform- 
ance or ,  i n  two cases (TLT-2-620, 2-475), a low voltage level (Figures 3-6, 3-9, 
3-10>. A comparison of all. tes t  resu l t s  ind ica tes  the  e f fec ts  of operat- 
ing variables on vol tage s tabi l i ty .  Stabi l i ty  was generally better a t  
3O$ KOH and 9 ° C  than at 4 0 %  KOH and 1OO"C, both with l5-mil thick 
matrices (TLT 2-484,2-478,2-474) and, more markedly, with 20-mil thick 
matrices (TLT-2-491,  2-458, 2-463).  Thinner -trices improved perform- 
ance considerably with 4 6  KOH, but not with 30% KOH (TLT-2-478, 2-474, 
2-458, 2-463), (TLT-2-473,  2-47'?),  and  (TLT-2-484, 2-4911, A t  t h i s  current 
density, the optimum KOH loading for  s tabi l i ty  a t  normal voltage was 1.0-1.5 
g/g matrix (apparently closer t o  1.0 g / g ) ,  e t   l ea s t   fo r  20-mil matrices, with 
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30$ KOH (TLT-2-643, 2-631, 2-6ll, 2-489,  2-491, 2-620). Tests with 
hO$ KOH confirmed the finding that 1.5 g/g loadings are preferred over 
2.5 g/g loadings  for  both  mtrix  thicknesses (TLT-2-458, 2-463 , 2-475) 
and (TLT-2-478, 2-474, 2-473 ) . 
3.3.1.4.3 Tests  with  Quinterra  Asbestos  bktrix " .. .. 
20-mil t h i ck   mt r i ces  were used i n  a l l  but one test with 
Quinterra  Asbestos. 
3.3.1.4.3.1 Tests at 200 ma/cu? 
Figure 3-11 shows t e s t s  a t  200 ma/cm2, Test 2-420, s tar ted 
during the previous contract, passed present contract specifications, 
running s tab ly   for  2000 hours a t  0.89-0.82 V. f o r  a decline rate of 
3.4 mV/lOO hours. The t e s t  was terminated at 2320 hours a f te r  caus t ic  
solution from a scrubber accidentally entered the cell. 
Test 2-42? was s tab le  for  1100 hours at 0.89-0.84 V. The 
decline rate then became unstable (6 .3 mV/lOO hours) during 1100-2800 
hours. Within t h i s  interval,  a 70 mV voltage rise a t  1400 hours was 
caused by an inadvertent interruption in the oxygen feed. The decline 
rate then accelerated and the   t e s t  was terminated. 
3.3.1.4.3.2 Test a t  300 m/cm2 
A t e s t  a t  300 m/cm2 (2-421) started during the previous con- 
t r a c t ,  was very stable f o r  1000 hours a t  0.84-0.83 V. with a decline rate 
of 1.4 mV/lOO hours (Figure 5-12). The decline rate increased t o  6.5 mV/lOO 
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hours during lOOO-2 l5O hours and then became er ra t ic .  The t e s t  gave 
an overall average decline rate of 4.6 mV/lOO hours t o  nearly pass the 
contract goal. 
These resu l t s  are not  directly comparable with those obtained 
using Fuel Cell Asbestos mtrices a t  the same current densities because 
50$ KOH electrolyte was used and the gas feeds were not humidified before 
entering the cell .  Outstanding voltage s t ab i l i t y  would be expected if 
Quinterra Asbestos matrices were used at XIO-3OO ma/c* with the operating 
conditions found t o  be optimum for  Fuel  Cell Asbestos. 
3.3.1.4.3.3 Tests at 400 m / c S  
A l l  tests but one employed a lower KOH loading (2.0 g/g matrix) 
than did   the   t es t s  at lower current densities (3.0 g/g rnatrix) since t h i s  
lower loading gives much higher i n i t i a l  performance at b0 m/c~$. Thus, 
i n   f i v e   t e s t s  at the reduced loading, the   in i t ia l   vo l tage  was 0.82-0.85 V. 
campared t o  0.77 V. a t  the higher loading, The la t ter  vol tage level  is  
close t o  t h a t  obtained under the same conditions in previous work.(*) 
I n i t i a l  tests conducted a t  100°C, 50% KOH and i n l e t  gas dew 
points of 55-61"C bad high decline rates (7.4 t o > l l  mV/lOO hours), 
(TLT-2-433, 2-444, 2-445). These a re  shown i n  Figure 3-13. In  subsequent 
tes t s ,   the   vo l tage   s tab i l i ty  was improved substantially by lowering the 
KOH concentmtion t o  4 6  KOH at the same temperature, or t o  30% KOH at 
g0"C. This effect  i s  similar t o  that described above f o r  the more dense 
Fuel Cell. Asbestos matrix at lower current densities. 
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Thus, near-stable performance was obtained f o r  2!000 hours in 
duplicate tests operating at 100°C and kO$ KOH (Figure 3-14). One of 
these tests (2-446) was stable  for  1360 hours at 0.84-0.80 V. There- 
a f t e r ,  the decline rate increased to 7.2 mV/lOO hours so that a f t e r  
2000 hours, the overall decline rate was 4.5 mV/lOO huurs. The other 
t e s t  (2-451) was nearly stable for  1300 hours at 0.85-0.79 V. with a 
decline rate of 4.5 mV/lOO hours. This rate then increased t o  8.0 mV/ 
100 hours, raising the overall decline rate during 2000 hours t o  5.5 
mV/lOO hours. A t e s t  at 90°C and 30$ KOH (2-606) was nearly stable for 
1078 hours at a decline rate of 5.0 mV/lOO hours (Figure 3-14). Follow- 
ing an inadvertent interruption of the hydrogen feed ,   the   ce l l   los t  
X) mV and the test was terminated. 
3.3.1.4.3.4 Tests at 600 m/c$ 
The encouraging resul ts  achieved at 400 m/c@ prompted l i f e  
tes t ing at 600 m/c$. In nearly a l l  of the 15 tests at this current 
density, the i n i t i a l  voltage was 0.76-0.80 V. and averaged 0.78 V. 
First t e s t s  were conducted at 100°C and 35-40'$ KOH a t  a loading 
of 2.0 g/g m t r i x .  All of these tes ts ,  shown in Figures 3-15 and 3-16, 
had high decline rates. Tests operated, a8 usual, with both feed gases 
prehumidified t o   t h e  same leve l  had decline  rates of 16-19 mV/lOO hours 
(TLT-2-455, 2-457,2-465). To minimize the tendency of the cathode t o  
Out at this very high current density, water w&s fed t o  the cathode 
i n  duplicate t e s t8  (2-468, 2-469) by humidifying the oxygen stream t o  
a dew point 5°C above that i n  equilibrium with the nominal KOH concen- 
t ra t ion  in  the  cell. However, this mode of operation produced s t i l l  
higher  decline  rates (- 80-150 mV/lOO hours). 
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After  running  for 300-500 hours at 600 m/cm2, two tests 
(2-455, 2-457) were continued at lower current  densi t ies  to  determine 
the extent of irreversible performance loss caused by prolonged opera- 
t i o n  under high loads. It was found that w h i l e  these conditions 
irreversibly decreased the voltage level at 1 0 0 - ~  m/c@, they appeared 
t o  have l i t t l e  or no ef fec t  on the decline rate. Thus, i n  both tes ts ,  
the  voltage, though 40-70 mV 'lower than normal, remined nearly stable 
(4.0-4.4 mV/lOO hours decUne rate) fo r  100-300 hours when the current 
density was decreased t o  400 ma/c*. Test 2-455 was then operated at 
600 m/c$ for  an  additional 400 hours a f t e r  which the load was reduced 
t o  100 ma/cm2. Although the voltage at 100 ma/cm2 (0.90 V) was 30-70 mV 
lewer than normal, it was very stable f o r  200 hours. 
Performance s t ab i l i t y  was improved by operating at lower KOH 
concentration (30$). Voltage decline rates of 8-12 mV/lOO hours were 
obtained for 430-69 hours at 80 and 9 ° C  (Figure 3-17). 
Stable performance was achieved at 9 ° C  and 3" KOH by lower- 
ing the KOH loading t o  1.5 g/g mtrix. Figure 3-18 shows the tes t  resul ts .  
Test 2-608 had operated stably for 500 hours a t  0.77-0.75 V. with a decline 
rate of 4.0 mV/lOO hours when interrupted by a 45 minute shutdown of the 
hydrogen supply t o  the ent i re  test  faci l i ty   (act ivated by a safety sKjtch 
i n  the exhaust gas duct). The voltage lost 20 mV as a resul t  of the 
interruption, but.regained 6 mV during the next 120 hours. From 660- 
1034 hours, the voltage declined at 9 mV/lOO hours for  an overall loss 
during the first 1000 hours of only 83 mV. The test  was terminated 
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following a second interruption of the hydrogen feed. A duplicate test 
(2-644) operated stably for  550 hours at 0.77-0.76 V. and a declbe ra te  
of 3 .O mV/lOO hours. Following a change of the hydrogen scrubber, during 
which air may have inadvertently  entered the anode chamber, the voltage 
dropped 25 mV. The test then operated with no voltage decline until 720 
hours after which the decline rate accelerated. 
Three tests (TLT-2-629, 2-636, 2-622), operated at the s a  
conditions as those described above, had high errat ic   decl ine  ra tes  
( 2165 mV/lOO hours) f o r  reasons which were not  apparent and were termi- 
nated within 350 hours (Figure 3-19). Two addi t ional  tes ts  (2-630, 2-633) 
were run without passing the gases through the caustic solution scrubbers 
for  the first 100-250 hours to eliminate the momentary interruptions in 
gas flow when the scrubbers are changed. Both tests also declined very 
raPiiuy. 
The capabi l i ty   for  at least 720 hours of stable operation at 
the  unusually high current density of 600 ma/cm2 demonstrates the superior 
electrochemical performance of t h i s  electrode-matrix combination. It 
a lso  proves that even during long term operation at 600 m/cm2, gas and 
l iquid mass transfer  processes  within  the  cell are not limiting. 
3.3.1.4.3.5 Test with 3 O - m i l  Matrix 
Probably because of i t s  lower res i s t iv i ty ,   the  20 mil Quinterra 
Asbestos matrix W&S the only matrix employed in the program which prwided 
stable performance for substantial periods of time at 400-600 m/cm2. 
However, it has r e l a t i v e l y   l i t t l e  wet strength which causes assembly 
problems in battery-size cells.  Accordingly, a 3 O - m i l  thickness of this 
matrix material, which appears t o  provide satisfactory strength and 
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bubble pressure, was l i f e - t e s t ed   t o  determine i t s  sustahed  performme 
cape;bility. Test 2-642 (Figure 5-20) was operated under conditions which 
had been found t o  give the best stability for  the 20-mil m t r i x  at h.00 
m/c# (W"C, 30$ KOH, 2.0 g KOH/g matrix). The t e s t  shows that the 
30-mil mstrix provides stable performance f o r  a t  leas t  500 hours at cur- 
rent denslt ies up t o  400 m/cm2. Subsequent operation at 600 m / c S  was 
unstable ,   but   this   could  be  a t t r ibuted  to  a higher than optimum KOH load- 
ing f o r  this current density. 
3.3.1.4.4 Tests with Ceria-PTFE W t r i x  
, It was established during the previous contract that the Ceria- 
PTFE mtr3.x provides stable performance at 125°C and current densities up 
t o  200 m/cm2 for  at l ea s t  EO0 hours. In the present contract, the major 
e f for t  with this matrix was devoted t o  obtaining 2000 hour s t ab i l i t y  within 
the temperature range 90-l25"C, mostly at 300 m/cma. A few additional 
t e s t s  were r u n  at 19°C.  
3.3.1.4.4.1 Tests at gO-lOO"C 
3.3.1.4.4.1.1 Test at 200 ma/cm2 
A t e s t  at 100°C and 200 ma/cm2 (2-494) passed contract speci- 
fications (Figure 3-21). During 2000 hours, the voltage was 0.87-0.84 V. 
with a very low decline rate (1.4 mV/lOO hours). The test logged a t o t a l  
of 2300 hours with no voltage loss af te r   the  first 800 hours despite 
an inadverkent interruption in the hydrogen feed. It fa i led  suddenly 
when t h e   c e l l  was overheated t o  at least 107°C and then rapidly cooled. 
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3.3.1.4.4.1.2 Tests at 300 ma/c$ 
A l l  tests conducted below E 5 O C  at 300 m/c@ employed the 
temperature ( 9 0 ° C )  and KOH concentratlon (go$) which had yielded the 
most stable performmce with asbestos mstrices at high current densities. 
I n i t i a l  tests (2-500, 2-65?) opemting with fully saturated matrices, 
shown in Figure 3-22, had very high decline rates (16-44 mV/lOO hours). 
No improvement was obtained by operating with initially dry electrodes 
( TIE-2-645). 
Stable performance was obtained for  nearly l3OO hours by adding 
0.05% of FC-128 sur fac tan t   to   the   e lec t ro ly te   to  reduce the surface tension 
below t h e  c r i t i c a l  surface tension of PTFE (18 dynes/cm(6)). This tends 
t o  provide complete wetting of PTFE surfaces within the matrix. Test 2-653 
ran for 12% hours at 0.86-0.81 V and a decline rate of 3.8 mV/lOO hours 
(Figure 3-23). The decline rate then accelerated over the next 600 hours. 
A duplicate tes t  (2-648) was nearly stable fo r  616 hours at 0.85-0.82 V. 
and a decline rate of 4.3 mV/lOO hours. The test was terminated when 
caustic solution bumped from the hydrogen scrubber i n to  the hydrogen 
humidifier and the c e l l  was accidentally heated above 150°C while the 
humidifer was being replaced. 
Stable performance was also obtained for substantial periods 
by reducing the  e lec t ro ly te  lad ing  in  the matrix. A ser ies  of t e s t s  
were run at loadings equal to  three-quarters and one" volumetric 
saturation by loading 23.5$ or 16.5% KOH into  the  matrix and electrodes 
and then concentrating t o  30$ KOH during the in i t ia l   po lar iza t ion  
determination. Test 2-651, operated at three-quarters loading, was stable 
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at 0.85-0.83 V. with a decline rate of 3.5 mV/lOO hours fo r  600 hours 
(Figure 3-23). From 600-1800 hours, the test  was nearly stable, declin- 
ing 5.5 mV/loO hours. Thereafter, the decline accelerated and the t e s t  
was terminated. A duplicate test (2-646) failed within the first 100 
hours. T e s t  2-649, operated at three-quarters loading with E-128 wet- 
ting agent in the  electrolyte,  was nearly  stable  for 760 hours a t  a 
decline rate of 5.6 mV/lOO hours before becoming unstable. .An electro- 
lyte loading of me-half of saturation was found t o  be insuff ic ient   for  
stable performance. Two t e s t s  operated at th i s  l eve l  (2-647, 2-650) had 
low ini t ia l   vol tages  (.80-.82 V. ) and accelerated  decline  rates. 
3.3.1.4.4.1.3 Test at 4-00 ma/cm2 
Stabi l i ty  was not obtained i n  one t e s t  at 400 ma/cm2 (2-654) 
conducted under conditions which yielded l 3 O O - h o u r  stability at 300 ma/c@. 
The i n i t i a l  voltage was low (0.77 V. ) and the decline rate was high (22 
mV/lOO hours) during 497 hours of operation (Figure 3-24). 
3.3.1.4.4.2 Tests at l25OC. 
3.3.1.4.4.2.1 Tests at 200  m/cm2 
Figure 3-25 shows t e s t s  at 125 "C, 50-60$ KOH and 200 m/cn?. 
Ini t ia l  vol tages  were  0.93 V. Test 2-428 was stable for 930 hours above 
0 . 9  V. with a decline  rate of 2.6 mV/loO hours before becoming unstable 
following an interruption in the oxygen feed. The working voltage of 
t e s t  2-430 f e l l   f o r   t h e  first 230 hours and then remained constant a t  
0.91 V. for the next 240 hours. Following an inadvertent drop in temper- 
a t u r e   t o  110°C for three hours, the voltage rose t o  0.93-0.94 V. for  200 
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hours and then became unstable when the  flow was interrupted. A t h i rd  
t e s t  (2-604) declined rapidly and was terminated. 
3.3.3.4.4.2.2 Tests at 300 m/c$ 
Two se t s  of t r i p l i c a t e   l i f e  tests with Ceria-FTFE lnatrices 
were run at E ~ O C ,  300 -/CIS, and 0.9 t o  1.0 exit  HS/O~ flow ra t io s  
(Figure 3-26). The ini t ia l  vol tage of the set  with 60$ KOH averaged 
0.89 V., about 30 mV higher than the s e t  with 55$ KOH. Five of the 
s i x   t e s t s  operated for  periods of 400-700 hours with about the 
same voltage decline rate (6-7 mV/lOO hours). The s ix th  t e s t  (2-449) 
s tar ted low and was never stable. 
One addi t ional   tes t  (2-447) at 60% KOH employing a higher 
i n l e t  gas dew point (61"~ instead of 55 "C ) and a higher H2/02 exi t  
r a t i o  (6.0) declined at a high rate  for  140 hours. When the gas flow 
rates were changed t o  give a 1.0 H2/02 r a t i o  and a s l ight ly  reduced 
nominal KOH concentration, the voltage became nearly stable (5.0 mV/lOO 
hours decline rate ) fo r  280 hours. 
In  a l l  tests but one, the  cel l   res is tance remained nearly 
constant which indicates that l i t t l e  of the electrolyte had reacted with 
the  mt r ix .  Nevertheless, in four tests the lnatrix broke along one or 
more edges of the electrodes following the period of defined voltage 
decline. Breakage caused gas cross-leaks which resulted in ei ther  an 
accelerated decline or sudden t e s t  failure. 
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3.3.1.4.4.3 Tests at 150°C. 
Two t e s t s  were run at l 5 O o C ,  67$ KOH and lo0 m/c@ (2-441, 
2-603). The performance was sab le  o r  nea r ly  stable during 300-400 
hours at l.o0-O.g8 V, with decline  rates of 3.0-5.5 mV/lOO hours 
(Figure 3-27). ThereaSter, both tests declined rapidly due t o  gas 
aross-leakage and then  fa i led completely when the Itlatrix broke along 
one or  more edges of the electrodes. 
These resul ts  canfirm the advantage i n  voltage level t o  be gained 
by operating at 67% KOH and 150°C. They cmfirm too that while the 
present configuration of the Ceria-PTFE matrix i s  unsuitable for 2000- 
hour operation at 150°C, it can provide stable high temperature perform- 
ance for  substantial  periods. 
3.3.1.4.5 Tests with Ceria-PCTFE-PlTE Matrix 
Figure 3-28 shows four t e s t s  with the 90/5/5 Ceria-PCTFE-FTFE 
m t r i x  at 1 2 5 " C ,  50$ KOH and 200 m/c@. Good i n i t i a l  performance occurred 
at KOH lmdings equal t o  three-quarters and one-half of volumetric saturation, 
obtained by loading 3 0 - 4 6  KOH into  the  electrodes and matrix and then con- 
cent ra t ing  to  5C$ during the init ial  polarization curve. In  a l l  t e s t s  
performance was unstable and the matrix broke within 400 hours a f t e r  s t a r t -  
up. In  one test at 150 OC, 67% KOH and 100 m/cm2 (TLT-2 -483 ), the perform- 
ance was unstable and the matrix broke within 120 hours. 
These resu l t s  demonstrate that the present configuration of 
this matrix is  unsuitable  for long term operation at I25- l5O0C.  
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3.3.1.4.6 Tests with Potassium T i t a n a t e - W E  I k t r i x  
3.3.1.4.6.1 Test at 100°C. 
The Potassium Titamte-FTFE matrix demonstrated long term 
p e r f o m n c e  s t a b i l i t y  a t  100°C and 200 ma/cm2. Test 2-634 passed contract 
specifications operating f o r  2000 hours a t  0.85-0.79 V with a decline rate 
of 3.7 mV/lOO hours (Figure 3-29). The i n i t i a l  voltage was unusually 
high (0.935 V), but dropped rapidly t o  0.91 V during the first 30 
minutes and then t o  0.85 V during the next 90 hours. Most of t h i s  
drop occurred within a one hour interval  and was probably due t o  an 
undetermined upset i n  c e l l  operation. Cell performance was then 
s tab le   un t i l  2500 hours, a f t e r  which the decline rate accelerated. 
3.3.1.4.6.2 Tests at E?5°C-1500C 
TWO t e s t s  at E ~ O C  and 200 ma/cn~ gave satisfactory inter-  
mediate term performance (Figure 3-30). Test 2-615 operating at 5346 
KOH and fu l l  electrolyte loading was stable   for  910 hours at 0.90- 
0.87 V. with a 4.0 mV/lOO hour decline rate before becoming unstable. 
Similarly, Test 2-495 at 5@ KOH and a one-half of saturation electro- 
Iy%e loading m s  nearly stable for  the same period at 0.88-0.84 V. and 
a decline rate of 5.0 mV/lOO hours. Both tests exhibited a similar r i s e  
in   ce l l   res i s tance   s ta r t ing  at 300-500 hours which was probably caused 
by significant corrosion of potassium ti tanate (Section 3.2.2). It 
appears then that the operational l i fe  of the Potassium Titanate-FTFE 
matrix at 125°C i s  l imi ted   to  approximately 900 hours. 
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A test at 125% and 300 =/en? (2-499) declined at a 7.3 mV/lOO 
hour r a t e  during 548 hours. A duplicate test  (2-498) was terminated after 
only 18 hours by a leak in  the  oxygen feed   l ine   to   the   ce l l .  
Test 2-497 a t  l 5 O ” C  and 100 =/e& was stable   for  207 hours at 
l.OO-O.gg V. Thereafter, the matrix broke causing a gas cross-leak 
and rapid  voltage  decune. 
3.3.1.4.7 Tests with PCTFE-PTFE bhtrix 
Tests with  the PCTFE-”FE matrh were run at 150°C, 6% KOH 
and 100 ma/cm2. A l l  employed 0.01 or O.O’j$ of FC-128 surfactant in the 
e l e c t r o w e .  Three c e l l  assemblies wlth l5-mil thick matrices (TLT-2-607) 
failed  within an hour after start-up, twice because the matrix broke and 
the third t ime for unknown reasons. Because of i t s  very low resistance 
(2.0-2.2 milliohms) , the  matrix  yielded unusually high  ini t ia l   vol tage at 
100 =/em2 (1.03 V. ) i n  two of these start-ups. Two t e s t s  with a 2 8 4 1  
matrix thickness (TLT-2-637, 2-638) produced lower ini t ia l  vol tages  (0.99- 
1.00 V. ) and failed within eight hours because of gas cross-leakage. 
Accordingly, the present configuration of the PCTFE-FTFE matrix appears 
t o  be unsuitable for operation a t  150°C. 
3.3.1.4.8 Tests with FTFE Matrix 
Six l i f e  tests were started at 150°C and 100 ma/cm2 using 27-33 
d l  thick FTFE m t r i c e s   i n  order to  uti l ize  the  excellent  corrosion 
resistance of this rmterial. In every case, the initial voltage was far 
below expectations,   the  cell   resistance w‘as about an order of magnitude 
higher than with other matrices, and the s t ab le   l i f e  vas negligible 
(Figure 3-31). The only two t e s t s  which showed any promise were TLT-2-618 
and TLT-2-625. The first of these operated at 0.939 V. f o r  18 hours when 
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there w8s a temporary interruption i n  the hydrogen feed to   the  facility. 
Unlike i n  most tests, the cell voltage did not recover. TLT-2-625, with 
a 0.05% FC-128 level  in the electrolyte  rather  than  the usual 0.01$, 
operated at 0.88-0.85 V. for  330 hours for  a 9 mV/lOO hours decline  rate 
before being termimted by a heater  failure. 
Current 
Density 
Temp. 
(OC 1 
go-100 100 
90-100 200 
90-100 300 
go- 100 400 
go-100 600 
150 100 
TABLE 3-3 
STABILITY SW4MRY FOR SMALL CELL LIFE TESTS 
Stable  for  Some Period 
Passed(a)  St ble  for  Stable  for  Stable  for(b) 
Contract 1000-1500 500-1000 < 500 
Specifications Hours Hours Hours 
9 
(a) Average voltage  decline  rate 
5 4.0 mv/100 hours during 2000 hours or more. 
Unstable throughout Test 
Decline Rate 
mv/lOo HOWS > 8 mv/lOO Hours 
=4.1-8.0 Decline Rate 
4 
7 
12 
3 
19 
2 9 
27 68 
Sub-Total 
10 
22 
26 
9 
22 
3 
14 
14  
13 
133 
(b) Average duration = 300 hours. 
Tests 
2-357(a) 
2-324(a) 
2-602~2-621,2-632 
TABLE 3-4 
LIFE TESTS  PASSING  CONTRACT  SPECIFICATIONS 
ACCO-I Asbestos 100 100 0 50 
F u e l   c e l l  Asbestos 100 100 0 50 
F u e l   c e l l  Asbestos 200 90 0 30 
Quinterra  Asbestos 200 100 0 50 
Ceria-PTFE 
Ceria-FTFE 
100 90 45 30 
200 100 0 50 
Potassium Titanate-PTFE 200 100 0 50 
(a) Passed 2000-hour specif icat ion 
during contract  NAS 3-6477- 
Test continued during present contract 
Average 
Stable Average Voltage 
Voltage  Decline  Rate 
During  During 2000 Hours 
2000 Hours 
( v) 
Total Stable 
100 hours ) Duration (Hours) 
0.87 3.4 
00% 2.5 
0.86 3.9 
0.82 3.7 
(b)  Test  terminated arbi t rar i ly  or by a 
system malfunction outside the cell 
TABLE 3-5 
LIFE TESTS AT 300-600 ma/cm2 OR AT 1 2 5 O C  
STABU FOR 500-1600 HOURS 
Tests 
Current 
Density KOH 
Matrix ("C) (psig) (%I 
Temp. Pressure Conc. 
Fuel c e l l  Asbestos 300 90 0 30 
!&interra Asbestos 200 100 
Quinterra Asbestos 300 100 50 
50 
Quinterra Asbestos 400 100 0 40 
Quinterra Asbestos(b) 400 90 0 30 
Quinterra Asbestos 600 90 0 30 
Ceria-PTFE 
Ceria-PTFE 
Ceria-PTFE 
Ceria- PTFE 
100 12 5 45 5 0 ~ 6 0  
200 12  5 0 60 
200 125 45 50~60 
300 90 0 30 
Average 
Average Voltage 
Stable  Decline Rate Stable 
Voltage 
~. 
Mv ) Duration 
(V) 00 Hour (Hours) 
0 .81 3.4 880,1340,1650 
1.8 
1000 
1075 
0.82 3.4  1360 
0 4.0 530 
0.76 3.5  500 y 710 
0.91 2.6  93  
098 1.4 
1.00y1.03 0.2 885,540 
0.95y1.00 1.0 1360,060 
0.84 3.6 600,1300 
0.88 4.0  910 
(a )  Voltage 20-40 IU-J low because t e s t  
F i r s t   l o s t  20 mv while operating at  200-300 m / C m 2  
(b) Matrix 30 mils thick instead of the usual 20 mils. 
Cell :  m o  Inch 
Electrodes: AB-b0 
Test w l  
2-357 
7
Tests w -
2-324 
2-602 
2-621 
(f) 
2-632 
2-610 
2-479 
2-477 
2-458(h 
2-463 
2-476 
- i t h  
I 
ACCO-I Asbest( 
100 100 
Fuel Cell  As1 
100 
200 
200 
200 
200 
200 
200 
200 
200 
200 
100 
90 
93 
90 
90 
93 
10'3 
100 
100 
100 
KI 
7 
TABLE 3-6 
SMALL CELL LIFE TESTS  AT  ATKJSPHERIC  PRESSURE 
& 
50 
os Matrix 
50 
30 
30 
30 
30 
35 
40 
40 
40 
40' 
20 3.1 
(20 1.3 
20 1.5 
20 1.5 
20 2.2 
20 1.5 
20 1.5 
15 2.5 
20 1.5 
20 1.5 
20 2.5 
4.8 
6.1 
5.3 
5.4 
5.3(*) 
5.3 
5.7 
6.3 
6.4 
5.8 
8.2 
45 
45 
72 
72 
72 
72 
70 
72 
72 
72 
72 
74 
74 
393 
390 
390 
390 
350 
390 
230 
390 
528 
74 
74 
50 
50 
50 
50 
50 
50 
210 
102 
50 
0.8 
0.8 
12 
12 
12 
12 
10 
12 
1.0 
6 
1 2  
Counter- ' 2000 
5007 1 
co- 
co- 
co- 
co- 
co- 
co- 
co- 
co- 
co- 
I 
I 
I 
I 
! 
i 
i 
, 2000-2800 
2800-3460 
0-1072 
1072-1410 
0- 560 
1000-1367 
560-1000 
0-640 
640-u70 
620 
~ 328 
1 114 
Counter- 2000 
9700 
2000-3120 
2000 
3120-3860 
3860-4400 
0-2800 
2000 
2800-3280 
3300-4986 
2000 
.943 
.943 
.937 
.937 
.878 
.eo7 
.835 
.772 
.882 
.E82 
.827 
.822 
A74 
.a33 
.814 
.e67 
.E18 
.a79 
.842 
A00 
.883 
.845 
.858 
.903 
,884 
.930 
.935 
.923 
.784 
.835 
,807 
-772 
-732 
.e34 
.827 
.a22 
.797 
.a33 
.716 
.814 
.818 
.787 ' 
.842 
A00 
.688 
.845 
.270 
Rate 
mv Reason For 
100 Hours) 1 Termination 
0.4 
0.4 
0.7 
1.6 
1.7 
4.5 
2.5 
5.5 
1.5 
1.7 
2.0 
1.7 
2.4 
(e) 
(8 ) 
3.9 
9.1 
9.5 
5.4 
( 9 )  
5.9 
(E) 
4.0 
7.7 
(8) 
!TABLE 3-6 (Continued) 
Tests d t h  Fuel Cell Asb est ,  
T- 
2-487 
2-601 
2-484 
2-643 
2-631 
2-6u 
2-489 
2-491 
2-616 
2-640(f 
2-620 
2-474 
2-478 
2-473 
2-458 
2 - 4 d t  
2-463(t 
2-475 
Tcata k 
2-420 
2-425 
-
90 
93 
93 
93 
93 
90 
93 
93 
90 
93 
93 
100 
100 
100 
100 
100 
100 
100 
h Quinterr. Asb 
rn 100 
m 100 
os Mstrix (continuedl 
T 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
40 
40 
40 
40 
40 
40 
40 
oa Map* 
50 
50 
15 
15 
15 
20 
20 
20 
20 
20 
20 
20 
20 
15 
15 
15 
20 
20 
20 
20 
20 
20 
1.0 
1.0 
1.5 
0.75 
1.0 
1.0 
1.0 
1.5 
1.5 
1.9 
2.0 
1.5 
1.5 
2.5 
1.5 
1.5 
1.5 
2.5 
3.0 
3.0 
3.9 
3.4 
4.7 
3.8 
4.4 
4.2 
4.5 
5.7 
;:;(f) 
6.7 
4.7 
4.7 
6.5 
6.4 
6.4 
8.1 
5.8 
6.7 
6.7 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
Dry 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
345 
600 
600 
600 
% 
96 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
315 
60 
60 
60 
60 
% 
% 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
l.8 
18 
18 
18 
18 
1.0 
0.7 
0.7 
CO- 
CG- 
C P  
CO- 
CO- 
CO- 
CO- 
CO- 
CO- 
CO- 
CC- 
C P  
CO- 
C P  
CC- 
CO- 
CO- 
CO-  
Counter- 
Counter- 
.848 
.836 
.848 
. n 9  
.848 
.823 
.834 
A34 
.775 
.a32 
-832 
,778 
.831 
.w 
.&O 
.827 
.&6 
.7& 
,082 
.651 .w 
,858 
.764 
.773 
.a34 
.887 
.a94 
. a 3  
.836 
.&4 
.779 
.735 
.I92 
.755 
,728 
.775 
-709 
.778 
. n 5  
. n 5  
.783 
.ea 
. n 4  
.78l 
770 
.762 
.8U 
.&l 
.I21 
.&4 
.n8 
,796 
.%2 
.em 
. a 3  .m 
1.5 
7.3 
5.2 
7.7 
5.8 
( g )  
5.0 
3.1 u 
5.8 
4.0 
12 
7.7 
3.2 
8.0 
16 
10 
3.9 
8.1 
9.5 
34 
12 
x) 
14 
( 9 )  
3.4 
6.3 
3.9 
I 
TABLE 3-6 (Continued) 
r I n l e t  Gas Flow Rate fcclmin at 2?C\ KOH Loading , I  Current Density 
I W n t e r r a  A! 
KOH Conc. 
Nominal Matrix  Total'a'  Inle  Gas \e; b psig 
(%) Ratio  Directiol 
TLT 
No. 
Reason For 
Termination 
Tests 
2-421 
2-606 
2-446 
2-451 
2- 445 
2-444 
2-433 
2-480 
;tos Matrix (continued] 
50 20 300 
400 
400 
400 
400 
400 
400 
600 
100 
90 
100 
100 
100 
3.0 6.8 144 
810 
460 
460 
480 
1060 
1060 
480 
480 
1230 
1230 
1230 
1230 
1230 
1230 
1230 
1230 
1230 
1230 
144 
70 
420 
420 
440 
200 
200 
440 
440 
90 
90 
90 
go 
90 
90 
90 
90 
90 
90 
0.8 
24 
1.0 
1.0 
1.0 
6 
6 
1.0 
1.0 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
,842 
.842 
.828 
.831 
.a48 
.a48 
.eo2 
.a47 
.a47 
.788 
.824 
2320 
,802 
.772 
.766 
.785 
.785 
.756 
.734 
.779 
.730 
.756 
.7eQ 
.782 
.777 
.774 
,794 
.773 
DrY 
72 
72 
72 
55 
6 1  
55 
59 
72 
72 
72 
72 
72 
72 
72 
72 
72 
Counter 
co- 
co- 
co- 
co- 
co- 
Counter- 
co- 
co- 
co- 
C o -  
CO- 
co- 
co- 
co- 
Co- 
co- 
0-1000 
2000 
1000-2150 
1078 
2000 
0-1360 
1360-2000 
2000 
1300-2000 
0-1300 
1000 
0-200 
200-310 
310-592 
420 
430 
550-720 
0-550 
720-1005 
0-500 
660-1000 
259 
259 
91 
431 
185 
690 
503 
~ 7 5 0  
,828 
.748 
.776 
.756 
.&I2 
.756 
.732 
.708 
-732 
.750 
.a02 
.772 
.609 
.724 
-732 
.756 
.734 
,676 
-696 
.738 
.598 
. 6 u  
.602 
.743 
-717 
-752 
.629 
30 20 
40 20 
2.0 5.0 
2.0 5.1 
40 20 2.0 5.2 
50 20 
50 20 
2.0  5.4 
2.0 5.3 100 , 
50 20 
30 20 
30 20 2-644 I 600 
2-608 
2-622 
2-629 
2-630(i) 
2-636 
2-633(1) 
2-490 
2-470 
600 
600 
600 
600 
600 
600 
600 
600 
30 20 1.5 4.4 
30 20 
30 20 
30 20 
30 
30 x) 
20 
1.5 
1.5 
4.5 
1.5 
4.4 
1.5 
4.5 
1.5 
4.4 
2.0 
4.5 
5.2 
2.0-2.6 5.4-7.2 
TABU 3-6 (Continued) 
I I 
Teats with -terra Asbestos Matrix (continued) 
I 
2-465 ! 600 
2-468 600 
600 
600 
400 
600 
400 
600 
100 
200 
300 
400 
600 
LOO 40 
100 1 40 
100 40 
100 
100 
35 
35 
100 
100 40 
40 
100 40 
100 40 
90 30 
l 
loo I 50 
20 
20 
20 
20 
20 
x) 
x) 
20 
20 
30 
30 
30 
30 
25 
29 
28 
32 
35 
34 
33 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2 .o 
2.0 
2.0 
2.0 
2.0 
2.0 
-0.3(k) 
-1.6 
-1.1 
-0.7 
4 . 6  
-0.4 
-0.4 
5.3 
5.3 
5.2 
5.1 
5.1 
5.3 
5.3 
5.3 
5.3 
6.8 
6.8 
6.8 
6.8 
-4.l(k) 
-8 
-5.4 
-5.3 
-4.9(f) 
-3.9 
-3.8 
H2y27 
02.81 
02:81 
H~ : 67 
81 
81 
72 
72 
72 
72 
72 
72 
72 
72 
55 
72 
72 
72 
72 
72 
72 
72 
1230 
1000 
1000 
6% 
460 
6% 
1090 
460 
183 
390 
600 
810 
1230 
240 
600 
600 
600 
600 
600 
600 
600 
380 
90 
380 
630 
420 
630 
420 
236 
47 
60 
50 
70 
90 
220 
60 
60 
60 
60 
60 
60 
60 
37 
2.7 
2.7 
1.0 
1.0 
1.0 
1.0 
6 
4.4 
12 
18 
24 
37 
1.0 
18 
18 
18 
18 
18 
18 
18 
co- 
co- 
co- 
CO- 
CO- 
CO- 
co- 
CO- 
co- 
co- 
co- 
co- 
CO- 
co- 
co- 
CO- 
co- 
co- 
co- 
co- 
CO- 
Test(b) 
Working Voltage (v) 
Duration 
(Hours) I n i t i d ( c )  Final(b) 
6% 
262 
164 
304 
320 
500 
240 
245 
304 
288 
330 
533 
m(1) 
2000 
2297 
138 
406 
616 
68 
042% 
12%-so00 
97 
0-600 
1800-2000 
600-1800 
.&4 
,742 
.761 
.781 
.806 
.797 
.784 
.675 
.936 
.8& 
.818 
.781 
. 69  
.912 
. 9 u  
.a29 
.a34 
.a49 
.900 
.ea7 
.&7 
.878 
.a52 
A34 
.764 
-6% 
A94 
.628 
.726 
.7& 
.7& 
.663 
.8# 
.052 
,820 
.649 
.767 
.708 
.a53 
.853 
.767 
.761 
.777 
.818 
.e07 
-550 
.763 
.a34 
.764 
.710 
Reason For 
Termination 
ul 
0 
TABLE 3-6 (Continued) 
I 
Current 
Density 
7 
2-647 
2-650 
2-654 
2-604 
2-428 
2-430 
2-460 
2-454 
2-449 
2-434 
2-435 
2-448 
2-447 
2-441 
2-603 
- Tests  
2-483 
2-481 
2-452 
KOH Loading I n l e t  Cas Flow Rate 
I., / c c / d n   a t  23-c) 
Nominal 
KOH Conc. 
Matrix Total 's '   Inlet  Gas \& b psig ~ ) &it 
Thickness 
(%I  (Mils) ( g d x )  ( E )  
In   Cel l Dew Point Hd02 30; O2 
("C) H2 O2 Ratio  Direction 
h Ceria-PFFE Ms 
300 90 
300 90 
300 90 
400 90 
200 125 
200 125 
200 125 
300 125 
300 125 
300 125 
300 125 
300 125 
300 125 
300 125 
100 150 
100 150 
.h Ceria-FCTFE-1 
100 150 
200 125 
200 125 
ix (continued) 
23.5-.30(m) (I) 34 
30")  33 
50 38 
60 34 
60 32 
55  34 
55 
55 
34 
60  30 
60 26 
60 23 
30 
60 23 
58 23 
'E Matrix 
50- 67(m) 26 
40- 50(m) 
40" 
22 
20 
4 . 4  
4 . 3  
4 . 2  
. 4 . 6  
4 . 6  
4 . 4  
"0.8 
-1.2 
-1.2 
-1.1 
4 . 7  
4 . 5  
- l .O 
-1.0 
-1.0 
4 . 6  
4 . 4  
-l.a(k) 
-1.0 
-1.0 
-3.6 
4 . 7  
-2.2 
-5.2 
-6.4 
-5.9 
-6.7 
-9.2 
-8.6 
-8.3 
-6.2 
-5.5 
-7.6 
-6.9 
-6.7 
4 . 5  
-5.5 
- 5 . d k )  
-4.8 
-5.0 
72 
72 
72 
72 
72 
55 
55 
72 
72 
72 
55 
55 
55 
61 
61 
55 
55 
55 
72 
72 
600 
600 
600 
810 
73 
230 
230 
360 
360 
360 
345 
345 
345 
800 
360 
l l 5  
115 
u 5  
73 
73 
60 
60 
60 
70 
53 
230 
230 
330 
330 
330 
345 
345 
345 
150 
330 
l l 5  
115 
l l 5  
53 
53 
18 
18 
18 
24 
1.0 
0.9 
0.9 
1.0 
1.0 
1.0 
0.9 
0.9 
0.9 
6 
1.0 
0.9 
0.9 
0.9 
1.0 
1.0 
CO- 
co- 
co- 
CC- 
co- 
Counter- 
Coun te r  
C O -  
co- 
CO- 
Counter- 
Counter- 
CO- 
co- 
CC- 
Counter- 
Counter- 
Counter- 
CC- 
CO- 
Working Voltage (v) 
Test(b)  
luration 
,Hours) I n i t i a l ( c )   F i n a l ( b )  
'60-1290 
0-760 
45 
497 
3 6  
0 
?30-1721 
0-930 
0-230 
?3c-470(~1 
716 (j ) 
138 
580 
700 
406 
544 
t4-420 
0-140 
402 
306 
120 
360 
300 
.a79 
.a22 
.m5 
.a24 
.772 
.926 
.935 . 901 
-932 . go8 
.%6 
.862 
.a46 
.a94 
.902 
.880 
.a75 
.!a3 
1.oll 
1.008 
1.022 
.902 
.a95 
.a22 
.728 
.728 
.662 
.836 
.go1 
-551 
:% (n' 
.780 (j 
.797 
.710 
.841 
.a37 
.872 
.875 
.852 
.982 
.975 
.993 
.a80 
.860 
Average 
Voltage 
Decline 
mv 
Rate 
(a) 
100 Hours ) leason For Cermination 
TABLE 3-6 (Continued) 
Testa with Ceea-€CTF%PI!FT MatrLx-(iontinued) 
i 
41: 
20 
20 
m 
28 
27 
27 
28 
28 
28 
15 
15 
15 
28 
28 
33 
30 
31 
30 
27 
28 
4 . 9  
4 . 9  
4 . 6  
-l . l(k) 
-1.7 
-1.0 
4 . 8  
-1.0 
4.1 
-0.5 
4 . 5  
4 . 5  
4 . 9  
4 .5(k)  
-1.P 
-1.2 
-1.4 
-1.6 
-1.5 
-1.2 
-4.2 
-3.9 
-3.0 
-6.9 
-4.5 
-3.2 
-4.1 
4 . 4  
-3.5(k) 
-3.4 
-3.1 
-5.9 
-6.6 
J I . ~ ( ~ )  
4 . 2  
d . 8  
-5.2 
-4.9 
4 . 3  
72 
72 
72 
55 
55 
55 
72 
72 
72 
55 
55 
55 
55 
55 
55 
55 
55 
55 
DW 
55 
53 
53 
53 
u.5 
220 
53 
53 
80 
80 
115 
l l 5  
l l 5  
l l 5  
u.5 
IJ-5 
115 
l l 5  
115 
u.5 
43 
1.0 
1.0 
1.0 
0.9 
1.0 
1.0 
1.0 
1.0 
1.0 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
1 .o 
CO- 
co- 
co- 
Counter- 
CO- 
co- 
CO- 
co- 
co- 
Counter- 
Counter- 
Counter- 
Counter- 
Counter- 
Counter- 
Counter- 
Counter- 
Counter- 
Counter- 
Counter- 
8 
94 
65 
208 
Po00 
90-2535 
0-90 
535-3ll8 
0-910 
310-1485 
507-1050 
0-937 
548 
18 
0 
Cl 
<1 
-8 
-8 
4 1  
91 
91 
18 
331 
90 
. 931 .942 
.937 
1.038 
.935 
.935 
.853 
0775 
.935 
.a77 
.a34 
.a39 
.e84 
.8P 
1.034 
1.030 
1.006 .992 
.958 
.919 
.895 
,939 
.749 
.8ea 
,896 
.a63 
0 
.995 
.791 
.a53 
.775 
. P 5  
.a77 
.636 
.a39 
.Ti4 
.836 
.an 
0 
0 
.878 
,770 
.Ti4 
.939 
.850 
e723 
i 
Average 
Yoltage 
Decline 
Rate 
(d) 
'hnr- 
100 Hours, 
Reason For 
Termination 
TABLE 3-6 (Continued) 
GENERAL NOTES 
( a )  Unless  noted  otherwise, 3540% o f  t h e  t o t a l  e l e c t r o l y t e  i n  t h e  
c e l l  was introduced i n  t h e  e l e c t r o d e s  p r i o r  t o  c e l l  assembly. 
( b )  R i o r  t o  any accelerated  or   abrupt   vol tage  decl ine.  
(c)  Maximum vol tage   wi th in   f i r s t  100 hours. 
(d) Average slope of voltage - t ime curve pr ior  to  accelerated or  
abrupt voltage decline. 
(e)   vol tage  errat ic .  
( f )   C e l l  assembled  with  dry  electrodes. 
(8)  Accelerated  voltage  decline. 
(h)  Test *as previously run a t  a di f fe ren t  cur ren t  dens i ty  as  shown 
i n  Table. 
( i )  C a u s t i c  s c r u b b e r s  u s e d  i n  a l l  t e s t s  t o  remove CO from the 
gases were omitted during the first 100-300 hour:. 
(j) Prior  to  formation of plug i n  hydrogen saturator .  
(k) Ceria-PIT%, Ceria-FCTFEPTFE, Potassium  Titanate-PTFE, PCTFEPTFE 
and PTFE Matrixes are kept equilibrated with water and then 
e l ec t ro ly t e  be fo re  t e s t .  Accordingly, all loadings shown fo r  
these matrixes are approximate. 
(1) 0.05% FC-128 wetting  agent (3M Co) in t he  e l ec t ro ly t e .  
(m) Ce l l  was loaded  with  the  lower  concentration and opera ted  a t  
gas flows set t o  maintain the higher concentration. 
(n)   Pr ior   to   temporary  drop  in   cel l   temperature   to   l l0-C.  
(0) 0.01% FC-128 wetting  agent (3M Co) in  the  e l ec t ro ly t e .  
R W O N  FOR TFBUNATION 
(1) Voltage  decline  rate  defined. 
( 2 )  Accelerated  voltage  decline.  
( 3 )  Test  continued a t  d i f f e ren t  cu r ren t  dens i ty  a s  shown i n  Table. 
(4) High voltage  decline  rate.  
(5)  Temperature  control  failure  overheated  cell .  
(6) Caustic from scrubbers foemed over. 
(7) voltage  errat ic .  
(8) Cell  voltage did not recover following interruption of l ine 
hydrogen feed. 
( 9 )  L o w  hydrogen saturator  temperature.  
(10) Air accidentally introduced into anode. 
(U) Gas cross-leak. 
(12) Cell  overheated to 1 5 p C  when temperature control probe slipped 
out. 
(13) Matrix broke. 
(14) Break i n  oxygen feed  l ine.  
(15) Saturator   heater   fa i lure .  
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SMALL CELL  LIFE TEST  AT ATMOSPHERIC PRESSURE 
ACCO I ASBESTOS MATRIX': loo 'c: loo ma/cm2 
KOH  Conc.: 50% 
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0 500 IO00 I500 2000 2500 3000 3500 4000 4500 
TIME (HOURS) 
Figure 3-2 
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SMALL CELL LIFE TEST AT ATMOSPHERIC PRESSURE 
FUEL CELL ASBESTOS MATRIX: 100 "C: 100 ma/cm2 
KOH Conc.: 50% 
I I I I I I I I I 
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FIGURE 3-3 
SMALL CELL LIFE TESTS  AT  ATMOSPHERIC  PRESSURE 
FUEL CELL ASBESTOS MATRIX: 90 'C: 200 ma/crn2 
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Figure 3-4 
SMALL CELL  LIFE TESTS AT ATMOSPHERIC PRESSURE 
FUEL  CELL ASBESTOS MATRIX: 90-100 "C: 200 rna/crn2 
2-610: 90 'C: 30% KOH 
2-479:  93 "C: 35% KOH 
2-476,  2-477: IO0 "C: 40% KOH 
I I I I I I I 1 
\\ 2-479 
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Figure 3-5 
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SMALL CELL LIFE TESTS AT ATMOSPHERIC PRESSURE 
FUEL CELL ASBESTOS MATRIX: 100 O C :  200-300 ma/cm2 
KOH Conc. : 40% 
I I I I I I 1 I I 
I 300 ma/cm2 ' 2-463 
-463 
"" - " -/""""" -458 
w t ' d )  
IO0 200 3 00 400 500 
TIME (HOURS) 
6 00 700 8 00 900 IO00 
Figure 3-6 
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SMALL C E L L   L I F E  TESTS AT ATMOSPHERIC PRESSURE 
FUEL  CELL ASBESTOS MATRIX: 90 "C: 300 ma/cm2 
Matrix Thickness: 20-mils 
I I I I I I I I 1 
L\ 2-63 I (Cont'd) 
"I-" 
-I 
I "- 2-63 I 
Scrubber L - O 1 l  I 
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SMALL CELL  L IFE TESTS AT ATMOSPHERIC PRESSURE 
FUEL CELL ASBESTOS MATRIX: 90 "C: 300 ma/cm2 
Matrix Thickness: 15 mils 
KOH Conc: 3 0% 
I I I I I I I I I 
."" "" \ - - ~ 2-601 (Cont'd) 
H z  Fee 
Off 
d 
-601 (Cont'd) 
I" "4. 
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Figure 3-8 
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SMALL CELL LIFE TESTS AT ATMOSPHERIC PRESSURE 
FUEL  CELL ASBESTOS  MATRIX: 90-I00"C: 300 ma/cm2 
I 
Matrix Thickness: 2Ckrnils 
2-475: 100 "C: 40% KOH 
2-489, 2-616, 2-620, 2-640, 2-643: 90°C: 30% KOH 
I I I I I 
-643 
-640 
"620 
-475 -489 
0 I 00 200 3 00 4 00 500 6 00 
TIME (HOURS) 
Figure 3-9 
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SMALL CELL LIFE TESTS AT ATMOSPHERIC PRESSURE 
FUEL CE.LL ASBESTOS MATRIX: IO0 OC: 300 ma/cm* 
Matrix Thickness: 15-Mils 
KOH Conc.: 40% 
I I I I I I I I 
-413 
- -478 
2 I 
0 IO0 200 300 400 5 00 600 700 8 00 I 
TIME (HOURS) 
Figure 3-10 
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SMALL CELL  L IFE TESTS AT ATMOSPHERIC  PRESSUFE 
QUINTERRA ASBESTOS MATRIX: I00 "C: 200 rnalcrn 
KOH Conc. :, 50% 
I I I I I I I I I 
2-420 '." % 
Interrupted 
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SMALL CELL LIFE TEST AT ATMOSPHERIC PRESSURE 
QUINTERRA ASBESTOS MATRIX: 100 "C: 300 ma/cm2 
KOH Conc: 50% 
I I I I I 
-42 I 
I I I I I I 
0 300 
Figure 3-1 2 
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SMALL C E L L  LIFE TESTS AT ATMOSPHERIC PRESSURE 
QUINTERRA ASBESTOS MATRIX: IO0 "C: 400 m a l m 2  
KOH Conc: 50% 
I I I I I I I 
i 
1- 9""- - 
t 
2-445 (Cont'd) 
I I 
-445 
TIME (HOURS) 
Figure 3- I3  
1 
SMALL CELL LIFE TESTS AT ATMOSPHERJC PRESSURE 
QUINTERRA ASBESTOS MATRIX: 400 rna/crn2 
2-606: 90 'C: 30% KOH 
2-446, 2-451 : IO0 'C: 40% KOH 
I I I I I I I I I 
2-446 
\ 2-446 Off 
t(Cont'd) 
-446 
'1 (Cont'd) -45 I 
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Figure 3-14 
SMALL  CELL LIFE TESTS A T  ATMOSPHERIC PRESSURE 
QUINTERRA ASBESTOS MATRIX: 100 'C: 600 rna/crn2 
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SMALL CELL TESTS AT ATMOSPHERIC PRESSURE 
QUINTERRA ASBESTOS MATRIX: IO0 "C: 600 - IO0 rna/crn* 
35% KOH: 2-457 
40% KOH: 2-455 
I I I I I 1 
2-457 2-455 
2-455 400 rna/crnZ 400 ma/crn2 
600 ma/crn2 
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SMALL CELL LIFE TESTS AT ATMOSPHERIC PRESSURE 
QUlNTERRA ASBESTOS MATRIX: 80-90°C: 600 ma/cm2 
KOH Conc. : 30% 
2-480: 80 "C 
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SMALL CELL  L IFE  TESTS AT ATMOSPHERlC PRESSURE 
QUINTERRA ASBESTOS MATRIX: 90 'C: 600 rna/cm2 
KOH Conc.: 30% 
I I I I I I I I I - Ld"""" 2-644 
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SMALL  CELL LIFE TESTS A T  ATMOSPHERIC  PRESSURE 
QUINTERRA ASBESTOS MATRIX: 90 "C: 600 rna/cm2 
KOH Conc. : 30% 
2-630,  2-633 No  Caustic Scrubbers on At Start of Test 
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SMALL CELL LIFE TEST AT ATMOSPHERIC PKESSURE 
30-MIL QUINTERRA ASBESTOS MATRIX: 90 "C 
KOH  Conc:  30% 
I I I I I I I 
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SMALL CELL LIFE TEST AT ATMOSPHERIC PRESSURE 
CERIA-PTFE  MATRIX: 100 "C: 200 ma/cm2 
KOH Conc.: 50% 
I I I I I I I I I 
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SMALL CELL  LIFE TESTS AT ATMOSPHERIC PRESSURE 
CERIA-PTFE MATRIX: 90 'C: -300 ma/cm2 
KOH Conc. : 30% 
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SMALL CELL LIFE TESTS AT ATMOSPHERIC  PRESSURE 
CERIA-PTFE MATRIX: 90 "C: 300 rna/crn* 
KOH Conc.: 30% 
I I I I I I I I I 
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SMALL C E L L  LIFE TEST A T  ATMOSPHERIC  PRESSURE 
CERIA-PTFE MATRIX: 90 "C: 400 ma/cm* 
KOH C O ~ C .  : 30% 
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Figure 3-24 
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SMALL CELL LIFE TESTS A T  ATM0SPHER:IC PRESSURE 
CE.RlA-PTFE MATRIX: 125 "C: 200 rna/cm2 
2-604: 50% KOH 
2-428, 2-430: 60% KOH 
; 0 2  
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SMALL CELL  LIFE TESTS AT ATMOSPHERIC PRESSURE 
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3.3.2 LlIrE llESTS AT 45 PSI0 
A l l  lire  tests  at 45 psig  operated  with  humidified  gases.  Cell 
and  test  station  designs  were  described  previously. (2) The two types of 
cells  (square  and  round  design)  are shown in Figures  3-32  through 3-34. 
Table 3-7 sumuarizes  test  conditions  and  results.  Most  tests  were run 
under  conditions  which had previously  yielded  stable  performance  at 
atmospheric  pressure. The variations of cell  voltage  and  resistance 
with  time  are  shown  in  Figures 3-35 through  3-44.  Tests  are  discussed 
below  according to matrix  type. 
3.3.2.1 Tests  with  Fuel  Cell  Asbestos  Matrix 
Four  tests  at 100 ma/cm2, shown in Figure 3-35, operated  at 
the same temperature  (lOO°C.), KOH concentration ( 5 0 $ ) ,  inlet  gas  dew 
point (45'C.) and  nearly  the  same  exit Hz/% ratio (1.0) as  atmospheric 
pressure  test  2-324  which had operated  stably  for WOO hours.  The 
initial  voltages  were 0.9-1.00 V. 
Test 2-49, conducted  in a round  cell, had a decline  rate of 
5.3 mV/lOO hours  during  the  first 712 hours.  The  voltage  loss  could  be 
at  least  partially  attributed to a two-fold  rise  in  cell  resistance  during 
the  first 240 hours. When  the  cell was then  operated on dry  gases,  the 
resistance  dropped  rapidly to neax  the  initial  level and the  performance 
was canpletely  stable  during the next 672 hours. The  voltage  then  declined 
at an accelerated  rate  accanpanied  by  another  rapid  rise  in  cell  resistance. 
Flow  control  difficulties  during  this  period  suggest  that  the  decline was 
due to water  imbalance causing perrtsSl dryjng of the aell. 
A duplicate  test  (2-627)  was tednated after only 88 hours 
because of a cracked  fitting  in  the  hydrogen  fuel  line. A pair  of  tests 
conducted  in square cells  were  also  unstable  and  had  rapid  rises  in  cell 
resistance sirnilax to that of Test 2-49. One of these  tests (2-628) 
83 
t. 
had a d e c l i n e   r a t e  of 7.0 mV/lOO hours during 500 hours which then  
increased t o  15 mV/lOO hours. The other  tes t  (2-613) had an accelerated 
decl ine during 343 hours. This was due a t   l e a s t   i n   p a r t   t o  a f a i l u r e  
of t he  hea te r s  on t h e   i n l e t   l i n e s   t o   t h e  c e l l  causing condensation of 
water from the humidified inlet  gases and consequent drying out of t h e  
cel l .  
A test a t  200 ma/cm2 (2-485) was r u n  a t  40$ KOH. The i n i t i a l  
voltage (0.92 V )  declined rapidly during 96 hours accompanied, as i n  
t h e  tests a t  100 11hB/cm2, by a doubling of t he  c e l l  res i s tance .  
Attempts were made t o  determine why performance i n   t h e  
pressure cells  was unstable under operating conditions which had 
yielded long term s t ab i l i t y  in  the  a tmosphe r i c  p re s su re  cells. Since 
compression of the matrix within the active area and e l ec t ro ly t e  d i s -  
t r i b u t i o n  between electrodes and matrix probably affect  performance 
s tabi l i ty ,  these parameters  were compared among the  three  ce l l  types .  
With a 5 mil. FTFE insu la tor  ou ts ide  the  seal  area,  the square 
and round pressure cells provided 11 and 23 mils respec t ive ly  
i n  t h e  a c t i v e  a r e a  and 11 mils i n  t h e  s e a l  a r e a .  I n  t h e  atmos- 
pher ic  pressure  ce l l  the  inner gasket f'raming the  mat r ix  
provided 20 m i l s  f o r  it i n  t h e  a c t i v e  a r e a .  The cells were assembled 
with the Fuel  Cell  Asbestos matrix i n   t h e  same manner as f o r  l i f e  
t e s t i n g  ard t he  gas ports sealed t o  prevent evaporation. They were 
opened a f t e r  va r ious  in t e rva l s  t o  measure the matrix weight and 
thickness and t h e  weight of t he  electrodes. Resul t s  a re  shuwn i n  
Table 3-8. 
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The measured thickness of the  canpressed matrix (mostly 25- 
30 mils) d i d  not vary by more than 5 mils with c e l l  type or with time. 
Since i t s  uncmpressed w e t  thickness is 28-30 mils, it appears t o  
undergo l i t t l e  or no compression i n  any of the cel ls .  However, t h i s  
i s  probably more apparent than real since the matrix probably relaxed 
t o  its uncompressed thickness when disassembled and separated from the 
electrodes. In a l l  cases, 3-16$  of the electrolyte was transferred 
from the electrodes t o   t h e  matrix. The  amount transferred was independent 
of time for  periods up t o  71 hours. On the average, somewhat  more elec- 
t ro ly te  was transferred within each of the pressure cells (11-134) than 
within the atmospheric pressure cell (7%). It does not seem likely,  
however, t ha t   t h i s  smell difference would substantially affect perfor- 
mance s tab i l i ty .  
3.3.2.2 Tests with Quinterra Asbestos Matrix 
""-. 
The round pressure cell  was found t o  be unsuitable for opera- 
tion  with  the  Quinterra Asbestos matrix since the matrix consistently 
broke when compressed between the un-grooved segment areas of the face 
plates (Figure 3-34). Breaks a l s o  occurred i n  I 2  start-ups with the 
square ce l l ,  which i s  completely grooved between the active area and 
the "0" ring (Figure 3-32), a sufficient number of assemblies succeeded 
with no breaks or gas cross-leakage t o  permit l i fe  testing. A l l  t e s t s  
operated at 1 0 ° C .  and 50$ KOH with inlet  gas dew points of 55°C. and 
811 ex i t  %/02 r a t i o  of 1.0. 
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Figure 3-36 shms tests at 100 -/an2. The average initial 
voltage was 0.99 V. Test 2-440 with a KOH loading of 3.1 g/g matrix was 
very  stable  for 350 hours at 0.96-0.99 V. with a decline rate of only 
0.5 mV/lOO hours. The t e s t  was terminated when an emergency shutdown 
switch was accidentally tripped. Two tests (2-453 and -464) employing 
lower KOH loadings (2 .O-2.5 g/g matrix) were unstable during periods of 
160- 232 hours. 
Tests a t  200 ma!cm2 are shown i n  Figure 3-37. In five tes t s ,  
the average i n i t i a l  voltage was 0.94 V. Test 2-486, operating a t  a KOH 
loading of 2.5 g/g matrix, was very stable for 1075 hours a t  0.95-0.93 V. 
with a decline rate of 1.8 mV 100 hours. The t e s t  then failed when a 
saturator became plugged and the  cell  had t o  be operated on dry gases. 
A duplicate t e s t  (2-614) was unstable during 859 hours a t  a decline rate 
of 7.6 mV/lOO hours. Three t es t s  at a KOH loading of 2.0 g/g matrix were 
unstable during 229-240 hours with decline rates of 12-32 mV/lOO hours 
(~~T-2-bb3~2-450, 2-459). 
3.3.2.3 Tests with Ceria-PTFE Matrix 
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autamatic safety system. A check of the system showed that shutdown waa 
probably  triggered by blockage within  the very small orifice of the oxygen 
ex i t  valve causing a rise in station oxygen pressure to   the  cut-off level 
(50 psig) through a regulator which did not  operate under s t a t i c  coaditions. 
2 Two tests (2-655, 2-656) w e r e  run at gOgC, 30$ KOH, and 200 ma/- 
(Figure 3-39). Test 2-656 had a high init ial  resistance (7.0 milliohms) 
and a low i n i t i a l  voltage (0.88 V), apparently because of a f au l ty  assembly 
i n  which there was insufficient  contact between the matrix and the  electrodes. 
In both tests  the volt- declined  rapidly and there was evidence of gas 
cross-leakage. 
Duplicate t e s t s  operated at lOO*C., 50$ KOH and 300 ma/cm2 gave 
very high initial voltages (0.95 V. ) . In  one t e s t  (2-641), the voltage 
declined rapidly during the first 89 hours t o  0.95 V. and then was nearly 
stable during the next 120 hours. The t e s t  was terminated by the failure 
of a safety switch i n  the exhaust duct .  The second tes t  (2-639) declined 
at a high rate during 86 hours and was terminated. 
3.3.2.3.2 Tests at 125°C. 
Early tests at 125OC. employed 6 6  KOH in order t o  obtain near- 
maximum initial voltages. A t  the request of the NASA Project Manager, 
l a t e r   t e s t s  were limited t o  a maximum KOH concentration of 5@, below the 
roan temperature solubili ty limit (52%) . Battery systems based on th i s  
concentration could be shut down and re-stsrted at ambient temperature 
without first diluting  the  electrolyte. 
I 
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Excellent performance was achieved for  substantial  periods at 
100-200 ma/cm2. Figure 3-40 shows the resul ts  obtained at 100 ma/cm2. 
Test 2-438 with 60% KOH was very stable  for 540 hours at an impressively 
high  voltage  level (1.02 V. ) . The decline  rate was only 0.5 mV/lOO hours. 
Similarly, high initial performance was  obtained i n  a duplicate  test 
(2-456) which ran at 1.02 V. for  66 hours. Both t e s t s  were terminated 
when an emergency shutdown switch was tripped accidentally. Test 2-461 
run at 50$ KOH was extremely stable  for 660 hours at 0.99 V. with no 
voltage decline. The voltage continued neaxly constant a t  this high 
level  for  another 225 hours despite leekage of electrolyte  out of the 
cell. Thereafter, severe leakage of gas out of the c e l l  terminated the 
run. 
Tests at 200 =/an2 are shown i n  Figures 5-41 and 3-42. Test 2-439 
with 6& KOH ran  stably for  860 hours a t  an outstanding  voltage  level 
(0.9-1.00 V.). The decline rate was 1.2 mV/loO hours. The t e s t  was 
terminated when a temporary interruption in the building power supply 
opened the emergency solenoid v a l v e s  i n  the gas exit   l ines and released 
the ce l l  pressure. A second t e s t  at 6@ KOH (2-452) had a relatively 
low initial voltage (0.97 V.) for these operating conditions and declined 
at 6 mV/lOO hours during 235 hours. 
Test 2-467 with 50$ KOH operated stably for  1360 hours at 0.95- 
0.96 V. with a decline  rate of only 0.7 mV/lOO hours . A t  that point the 
matrix broke causing a gas cross-leak and terminating the test. Thus far, 
1360 hours represents the longest period of operation at 125*C. for the 
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present form of the Ceria-PTFE matrix without breakage. A second t e s t  
a t  50$ KOH (2-462) operated errat ical ly  during 146 hours and was terminated. 
A canparison of t e s t  results a t  50$ and 60$ KOH shows the sub- 
s tan t ia l  performaace advantage at 100-200 ma/an2 (30-50 mV) which i s  gained 
by operating a t  the higher concentration. 
All tests at & operated at !X?$ KOH, inlet gas dew points 
of 72'C. and a nearly dead-ended oxygen stream. Most employed thin mtrices 
(15-16 mils compared to the usual 20-30 m i l s )  in order t o  maximize perform- 
ance. The i n i t i a l  voltage in a l l  five runs was very high (0.95-0.97 V.) 
for t h i s  current density. Tests 2-493 and 2-496, ahawn i n  Figure 3-43, 
were stable  for 192-258 hours with decline rates of 3.4-4.0 mV/lOO hours. 
They were terminated by a plugged hydrogen saturator i n  one case and by 
matrix breakage in the other. The  same failure modes also caused termin- 
ation of Tests 2-619, 2-624 and 2-488 af te r  159-209 hours of operation 
with l2-14 mV/lOO hours decline  rates (Figure 3-44). 
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TABLE 3-7 
S M W  CELL LIFE TESTS AT 45 PSIC C e l l :  W o  Inch 
Elec t rodes :  AB-40 
KOH h a d i n K  In l e t  Cas Flow Rate 
Current 
Density 
(?@n%2 p p .  KOH Ccnc. Thickness 
cc/min at 230 
TLT 
Nominal M a t r i x   I n l e t  Cas (& 0 Psig 3 Exit  
No. (9 
I n  Cell Dew Point 
("C ) H7 O7 Rat io  Type 
H2/02 C e l l  Duration 
Tes t (b)  Working Voltage (v 
(Hours) Initia.!c) F i n k  
leason For 
!emina t ion  
Tes t s  w i th  Fue l  Ce l l  Asbes tos  Matrix 
1.5 8.2 4> 
Dry 
8.2 45 
7.9  45 
1.0 
l.L 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
41 
82 
82 
1.0 
1.0 
Round 
Round 
Square 
Square 
Square 
Square 
Square 
Square 
Square 
S q w e  
Square 
Square 
Square 
Round 
Round 
Square 
Round 
Round 
12-1384 
0-712 
88 
0-500 
00-766 
343 
96 
160 
232 
350 
1075 
859 
237 
229 
240 
2000 
'62-2000 
0-762 
185 
95 
89-210 
0-89 
86 
.978 
.940 
1.002 
.997 
-950 
.977 
.924 
-991 
1.006 
.9?3 
.954 
* 948 
.934 
.943 
.950 
.993 
.993 
.952 
.a1 
.939 
-950 
.925 
.948 
.940 
.940 
.982 
-950 
.%19 
.929 
.882 
-970 
.g06 
.979 
.930 
.875 .e& 
.924 
.917 
.943 
.952 
.943 
,758 
.710 
.925 
-919 
2312 
50 20 1.5 
50 20 1.5 
100 
2-613 l oo  100 50 
2-485 I 200 100 I 40 
Testa with Quinterra Asbeatos Matrix 
20 
x) 
1.5 
1.3 
I 
8.2  45 
6.6 72 
50 
50 
50 
50 
50 
50 
50 
30 
30 
30 
50 
50 
20 2.0 
20 2.5 
20 3.1 
20 2.5 
20 2.5 
M 2.0 
20 
20 2.0 
2.0 
2-464 1 loo 2-453 100 100 2-440 100 100 6.6 55 7.9 55 9.4 55 
8.8 
7.9 55 
55 
6.5 55 
7.0 55 
7.6 55 
100 
100 
100 
T e s t s  I 
2-652 
2-656 
2-65 
2-641 
2-639 
h Ceria-ITFE Iktri. 
100 % 26 4 . 8  -8.8 72 
200 go 
2-30 go 
300 100 
19 4 . 8  
x) -0.8 
38 -1.2 
-7.6  72 
-7.2  72 
-13 .O 55 
300 100 40 -1.3 -14.5 55 
TABLE 3-7 (Continued) 
Tes ts  1 -
2-461 
2-438 
2-456 
2-467 
2-462 
2-439 
2-452 
2-493 
2-496 
2-619 
2-624 
2-488 
h Ceria-PITE Matrb 
100 
100 
125 
100 
125 
125 
200 
200 
125 
200 
125 
200 
125 
125 
300 
300 125 
125 
300 
300 
125 
300 125 
125 
KOB h a d i n g   I n l e t  Cas Flow Rate 
1 Average(d) 
Voltsge 
(continued) 
50 
60 
60 
50 
50 
2 
50 
50 
50 
50 
50 
21 
27 
16 
16 
30 
1 5  
GENERAL NOTES 
4 . 8  -9.1 
4 . 6  -8.0 
-1.8 -11.7 
-1.8 - l l . 4  
4.9 
-1.8 
-l l .2 
-11.0 
25-35$ of t h e  t o t a l  e l e c t r o l y t e  in t h e  c e l l  was introduced in t h e  
e l e c t r o d e s   p r i o r   t o   c e l l  assembly. 
Prior t o  any acce lera ted  or abrupt voltage decline.  
Maximum vo l t age  wi th in  f i r s t  100 hours. 
Average slope of voltage - t ime curve pr ior  to  accelerated or  
Accelerated voltage decline. 
abrupt voltage decline.  
Voltage e r r a t i c .  
55 
55 
55 
55 
55 
55 
55 
72 
72 
72 
72 
72 
114 
500 
500 
228 
1000 
228 
1000 
810 
810 
810 
810 
810 
104 1.0 R o w  
1.0 Round 
4go % 1.0 Round 
208 1.0 Round 
208 
980 
1.0 Round 
980 
1.0 Round 
1.0 Round 
60 
60 
25 Round 
60 
25 Round 
60 
25 Round 
60 
25 Round 
25 Round 
885 1.000 .994 
540 1.025 1.017 
66 1.025 1.022 
1360 
146 
a979 .950 
.980 .910 
860 1.004 -989 
235 .9& e950 
258  .971 .9b4 
e 9 6 4  .951 
0 
0.5 
0.7 
(f) 
1.2 
6 
4 
1 2  
1 4  
13 
3.4 
REASON FUR TET8WATION 
Accelerated vol tage decl ine 
Cracked f i t t i n g   i n  hydrogen feed  l ine .  
I n l e t  dew p o i n t   c o n t r o l   d i f f i c u l t i e s   a f t e r  148 hours. 
l a w  pressure cut-off snitch tripped while adjusting flow. 
Test  fa i led abrupt ly .  
Rnergency shutdown switch t r ipped accidental ly .  
F’lw i n  s t t u r a t o r .  
Switched to  d ry  gases  when s a t u r a t o r  plugged. 
Gas cross-leak. 
High vol t sge  dec l ine  ra te .  
Building power f a i l u r e .  
Hich temperature cut-off switch tripped when ja r red .  
bhtrix broke. 
lass of hydroeen pressure. 
Safety switch in exhaust duct failed and shut off gas suppl ies .  
Leaking c e l l .  
Voltage e r r a t i c .  
Reason For 
Termination 
TASLE 3-8 
ELECTROLYTE  DISTRIBUTION AND MATRIX COMPRESSION I N  SMALL CELLS 
Mst r i x  : 20 mil Fuel  Cell  Asbestos (a) 
KOH Loading: 1.5 g/g matrix & 0.2 g/g electrodes 
Temperature: Ambient 
Ce l l  Time (Hours ) 
Atmospheric Pressure 0.08 
0.08 
16 
16 
24 
71 
Pressure - Round 0.08 
0.08 
0.08 
0.08 
18 
67 
Pressure - Square 0.08 
0.08 
0.08 
l a  
Matrix Thickness I n  
Active Area (Mils) 
28 
30 
28 
28 
26 
25 
29 
25 
26 
26 
’$ of Transferred 
$ Electrolyte  Electrolyte  
Transferred Out of : Absorbed I n  
Anode Cathode bIxh3.x 
10.3  8.5  116 
5.5 6.4 111 
8.6 7.1 93 
2.7 2.6 214 
11.4 13 .o 38 
2.4  2.7 420 
11.0 10.1 111 
11.4 12.5 87 
10.4 11.0 82 
12.4 13 .o 132 
15.0 15.8 89 
13.1 11.4 123 
12.4 12.2 112 
11.2 3.7 123 
16.3 14.4 110 
12.6 13.2 132 
( a )  Uncompressed th ickness ,  increases  to  28-30 mils when wet with e lec t ro ly te .  
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3.3.3 CAUSES OF l " m C E  lass 
During ce l l  operation, performance losses m y  arise iroer (1) 
physical or  chemical deterioration of c e l l  canpenen*#, (2) electrode 
poisoning, (3) gaa cross-leakage, (4) insufficient or  excessive elect- 
lyte, (5) potsssitrm carbonate formstion, ( 6 )  deposition of solids (ZCOH, 
%c03 or matrix mater id)  i n  the electrode pores, or (7) increased 
diffusional resistance in the electrolyte or gas phases. Two or more of 
these effects may operate simultaneously or be interdependent and the i r  
relative magnitudes may vary with the operating conditions. 
A t  l eas t  sane of the causes of unstable performance were eluci- 
date& by the life test results tbcmselves and by meaeurcplcnts during or 
af ter  some of the tests on (1) post-test electrode polarization, (2) 
electrode platinum crystallite size, (3) cell  internal reaistance, (4) 
gas cros8-leakage, (5) carbonate formation, aad ( 6 )  KOH concentration 
gradient. 
3.3.3.1 Elec t rode   S tab i l i ty  
3.3.3.1.1 Stable  Performance Data 
The s t ab le  performance data, summarized in Tables 3-4 and 3-5, 
e s t a b l i s h  t h a t ,  a t  gO-lOO"C, the  e lec t rodes  were not  se r ious lz  de te r iora ted  
or poisoned for periods of at least  9'700 and 5000 hours at 100 and 200 -/an2 
respectively, and for at least  1600, 1300 and 750  OWE at  300, 400 and 600 
m/cm respectively. Similar conclusions were indicated by data reported 
predowly(2) at 1250 C. and 100-200 =/an2 for periods up t o  at least  1.200 
hours and at 150°C. and 100 -/an2 for at leas t  400 hours. 
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3.3.3.1.2 Post-Teat  Polarizations 
Since at leaat some voltage decline occurred in  both stable a n d .  
unstable l i f e   t ea t s ,  it i s  of in te res t   to  determine how much of these lossea 
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were due t o  lorser  in anodic and/or cathodic act iv i ty  and t o  determine how 
the major l i f e  test operating variables af'fect this activity.  
For t h i s  purpose, polarization curves were first measured for 
pairs of life-tested electrodes and compared with that of fresh electrodes. 
The electrode pairs were selected t o  show the effects  of l i fe  test matrix 
type, temperature, current density and duration on their  act ivi ty .  (Since 
l i f e   t e s t a  were not generally conducted for the  same duration, it was 
necessary t o  consider durations varying by 10-4@ a8 being equivalent 
when cmparing the effects of the other variables.) The electrodes were 
washed in   ho t   wa te r   t o  remove electrolyte and K&03 and t o  remove 
occluded matrix from the surface. They were then d r i e d  and assembled 
i n  two-inch cells with their  faces oriented as in the l i f e  tests. 
Polarization curves were run, with fresh mats of Fuel Cell Asbestoa 
matrix, a t  atmospheric pressure, 100°C  ami 50$ KOH. One additional 
measurement was  made a t  45 psig, 90'C and 30% KOR. Table 3-9 shms 
polarization data and cmparee the catalyst  weight of each electrode 
prior to the polarization with its value prior t o   t h e   l i f e  test. 
Apparent weight gains a t   t h e  anode were due t o  occlusions which remained 
within electrode pores despite washing. Weight losses ,  chief ly  a t  the 
cathode, were caused by the erosion of catalyst  from washing: During 
t hese  l i f e  tests the catalyst ,  though loosened from i t s  support screen, 
had remained an integral  per t  of the cathode. 
Seperate polarization curves were then determined for  some 
of the  individual anodes or cathodes i n  canbination with fresh AB-40 
counter electrodes i n  order t o  determine separate anodic and cathodic 
act ivi ty  losses  and to  i so l a t e  t he  e f f ec t s  of occlusion and erosion on 
these losees (Table 3-10). Small additional changes in  e lec t rode  weight 
occurred during the init ial  post-test  polarization and subsequent 
re-washing steps. 
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Electrode pairs which were only s l igh t ly  occluded or eroded 
(c lO$ catalyst  weight change) exhibited only a sl ight voltage loss 
(0-20 mV) a t   cur ren t   dens i t ies  up t o  400 ma/cm2 (TLT-2-461, 2-496, 
2-450,  2-652). Individual anodes showed essent ia l ly  no loss (TLT-2-450, 
2-461, 2-496, 2-494) while individual cathodes had s l ight  losses  of 
0-14 mV (TLT-2-450, 2-461). A t  600 ma/cm2, a l l  of these electrode peirs 
except TLT-2-450 had substantial losses, ranging as high as 86 mV, which 
were due almost en t i r e ly   t o   t he  cathode. 
Some of the washed anodes retained substantial  amounts of 
occluded matrix, 20-37$ by weight of the catalyst ,  which f i l l e d   a s  
much as  158 of t h e i r  pare volume. This degree of occlusion did not 
ser iously affect  anodic ac t iv i ty   as  demonstrated by the polarization 
data fo r  TLT-2-490, 2-445, and 2-469 anodes sharing voltage losses 
averaging only 4-25 mV a t  current densities up t o  600 ma/cm2 (Table 3-10). 
However, since the anodes generally have surface as well internal  
occlusions after extended periods within the cell,  the voltage losses 
caused by occluded material  during actual l ife tests could have been 
higher than found here. 
Cathode erosion appeared t o  be closely associated with voltage 
loss as  wel l  as with   l i fe   t es t   dura t ion  and operating condition severity. 
Substantially eroded cathodes (15 t o  4@ weight l o s s )  averaged 30 mV 
performance l o s s   a t  100 ma/cm2, which increased t o  50 mV loss a t  400 ma/cm2. 
Voltages a t  600 ma/cm2 were generally low and unstable. As shown i n  
Table 3-9, erosion and post-test performance loss increased with l ife 
test temperature (2-428 versus 2-494, 2-603 versus 2-461), current density 
(2-434 versus 2-461, 2-469 versus 2-450), and duration (2-434 versus 
2-496). As noted above, the catalyst  was eroded during the post-test 
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washing and had remeined an integral  part of the electrode structure 
throughout the l i fe  tes t .  Therefore ,  the data  cited above represent 
maximum values  for  the loss i n   t o t a l   ca t a ly t i c   ac t iv i ty ,  and the 
ac tua l   l o s s   du r ing   t he   l i f e   t e s t  was probably less. 
These data shcu tha t  AB40 anodes lose l i t t l e  or no electro- 
chemical act ivi ty  during at  least  2300 hours operation a t  100°C and 
200 ma/cm2, 1400 hours a t  1 0 0 O C  and 400 ma/cm2, 500 hours a t  100°C and 
600 ma/cm2, and 800 hours a t  125°C and 100 ma/cm2. AB40 cathodes lose 
l i t t l e  or no a c t i v i t y   f o r   a t   l e a s t  2000 hours a t  90°C and 100 ma/cm2 
and 800 hours a t  125°C and 100 -/om2. 
3.3.3.1.3 Electrode Crystallite Size 
The fresh electrodes have an average platinum c r y s t a l l i t e  
s ize  of 95 i. The effect  of prolonged operation on c r y s t a l l i t e  s i z e  
was determined f rom X-ray diffract ion measurements taken on the 
electrodes a t   t h e  end of tests covering a wide range of c e l l  temperature 
( 8o-15o0c), current density (100-600 ma/cm2) and operating time (140- 
10,200 hours). Table 3-11 shars  crystal l i te  s izes  for  the matr ix  s ide 
of these electrodes. 
The cathode c rys t a l l i t e   s i ze  was slgnlficantly higher (by 20- 
70i) than that of the ande at 100OC. and 400-600 .ms/cm2, at  I25OC.  and 
300 =/a2 and at 150" C. and 200 ma/cm2. The data at 150" C-waa reported 
previously.(*) A t  al lower current densities at these temperatures 
both electrodes had substantially the same crystallite size. 
Using the data of Table 3-ll, Figures 3-43 snd 3-46 show the 
effects of time and temperature on c r y s t a l l i t e  growth f o r  anodes and 
cathodes respectively. Withln the first 800 hours, the anode crystallite 
size increases more rapidly at 125-15OOC. than at 100'C. w h i l e  at the 
cathodc,thie rate of Increase is  approximately the same at all temperaturcr. 
For longer test durationa (800-3200 hours), data were obtained at %lot. 
ard 300 =/a2, 100OC. and 200-600 -/a2 aad at l25OC.and 200 -/an2. 
While these  data are widely scattered, they indicate L general gradual 
rise in  crystallite s ize  to  a mrucimm of 160-1651 at both  electrodes. 
The lone exception appears t o  be a decrease i n  cxyjtallite s ize  at the 
anode at 100°C. and 40 =/a2 t o   t h e  level of fresh  electrodes i n  three 
dif'ferent l i fe  tests. The reason for this is not apparent. 
Figure 3-47 shows the effect  of current density on cathode 
c r y s t a l l i t e  s i z e  a t  100°C  and  2000 hours. Where the available data 
are fo r  periods substantially different than 2000 hours, the curve 
r w  though points obtained f r a  linear interpolation of these data. 
It can be seen that, while no increase i n   c r y s t a l l i t e   s i z e  occurs a t  
100 ma/cm2, a substantial  rise toward the maximum level  occurs a t  
higher current.densities, the time required for t h i s  rise decreasing 
as current density increases. Similarly, at 125-15OoC, a  comparison 
of pairs of da t a   i n  Table 3-11 for periods less than 1000 hours 
indicate that the cathode c rys ta l l i t e  size increases with increasing 
current densi ty  (TLT-2-435 versus 2-430 and 2-423 versus 2-441, 2-483, 
2-441). 
With only one exception, none of the  c rys ta l l i t e  s ize  da ta  
of Table 3-11 Was obtained a t   t h e  time tha t  a test was running stably, 
Accordingly, the m i n i m u m  c rys ta l l i t e  size which permits stable per- 
formance cannot be determined directly. Indirectly, however, the data 
.of Tables 3-4 and 3-5 and Figures 3-45 find 3-46 indicate that stable 
performance was obtained while the anode and cathode c rys ta l l i t e  sizes 
were a t   l e a s t  130 8 (Tests 2-420, 2-494, 2-634) and even when they 
were probably a t  the maximm of 150-165 il (Tests 2-428, 2-467, 2-439, 
2-615). 
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3.3.3.2 Matrix S tab i l i ty  
Stable l i fe  test8 es tab l i shed   tha t   a l l  of the matrices employed 
do not seriously deteriorate or contaminate the e lec t ro ly te   a t  100°C for  
periods of a t   l e a s t  2000 hours. Thus, ACCO-I Asbestos, Fuel C e l l  Asbestos 
aIld Quinterra Asbestos provided stable performance for  5000, 9700 and 
2300 hours respectively while Ceria-rmFE and Potassium Titanate-PTFE 
operated stably for 2300  and  2500 hours (Table 3-4). (The ACCO-I 
Asbestos and Ceria" matrices probably would have provided s t ab i l i t y  
for  s t i l l  longer periods a t   t h i s  temperature i f  arbitrary termination 
or operational upsets had not occurred. ) The s t ab i l i t y  of these matrices 
a t  100°C is a l so  evidenced by the constancy of cel l  res is tance (< 2 
milliohms rise during periods of 300-2000 hours ) and the absence of 
gas cross-leakage in  nea r ly  a l l  t e s t s .  In  the  5 out of 62 t e s t s  having 
a resistance rise greater than 2 mV, th is  factor  accounted f o r  less 
than 255 of the voltage loss. 
A t  l25OC  and  150°C the l i fe  test  data established that the 
Ceria-FTFE matrix can operate stably for periods up t o  1300 hours and 
400 hours respectively. The Potassium Titanate-FLTE matrix provides 
s tab i l i ty   for  periods up t o  900 hours and approximately 200 hours a t  
the same respective temperatures. Stable performance was not obtained 
with  the Ceria-FCTFE-PTFE matrix a t  125-15OoC nor with the FCTFE-FTFE 
and PTFE matrices a t  150°C. With the exception of the PTFE matrix, 
unstable performance a t  these temperatures was associated with rapid 
resistance rises ad/or with gas cross-leakage caused mainly by matrix 
breakage. Both phenomena were probably due t o   t h e  tendency of these 
matrices t o  shrink considerably i n  hot KOH, even i n   t h e  absence of 
appreciable corrosion (Section 3.2.2). 
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It is of in te res t   to   no te   tha t  a matrix can provide stable 
cel l  performance for considerable periods despite an appreciable 
tendency t o  chemically degrade i n  beaker corrosion tests. Thus, a t  
100°C and 5 6  KOH, Fuel Cell Asbestos yielded voltage stability for 
9700 hours and no resistance rise for  6000 hours although it is  reported 
t o   l o s e  approximately 40% of i t s  weight during 1000 hours a t  th i s  tem- 
perature i n  an excess of the electrolyte.  ( 7 )  Similarly, the Potassium 
Titanate-PTFE matrix would probably lose 15-26 of its weight i n  an 
excess of KOH a t  l25'C during the 900-hour period t h a t  it gave s table  
performance (Table 3-2). These resu l t s  ind ica te  tha t  m a t r i x  corrosion 
within a cell  is  probably much slower than i n  beaker corrosion tests 
and t h a t  a potent ia l   mtr ix   mater ia l  cannot be ruled out by a 2 0 - 4 6  
weight loss dur ing  the period intended for all cell  operation. Some 
matrix degradation occurring i n   t h e   c e l l  may, of course, have con- 
t r ibu ted  to  the voltage declines in tests defined as stable.  
3.3.3.3 Carbonate  Formation 
A s  described in Section 3.3.1.2, the hydrogen and oxygen used 
f o r   l i f e   t e s t i n g  were scrubbed first trlrmgh Ascarite and then through 
caustic solution. The carbon dioxide remaining i n  the scrubbed gases con- 
verted some of the KOH within the c e l l   t o  K2CO3. Since the gases were not 
recirculated and i n  most t e s t s  were fed t o   t h e   c e l l  at high flow rates 
(5-20 times stoichiometric ), even t race  quant i t ies  of carbon dioxide 
passing the  scrubbers could lead t o  a considerable build-up of K2C03 i n  
long tes t s ,   par t icu lar ly  at high current densities. 
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I n  order t o  determine the voltage  losses  resulting frgn 
conversion of KOH t o  K&Os, polarization  curves were run wi th  a series 
of KOH+CO~ mixtures representing O-loOg conversion. The polarizations 
were conducted i n  a two-inch cell  with a Fuel Cell Asbestos matrix a t  
100°C, 0 psig and 50$ KOH. Results are shown i n  Table 3-12. Good 
duplication was obtained a t  0 and lo$ conversion. Based on these data, 
the voltage losses caused by carbonate formation are shown in Figure 
3-48. Conversions up t o  2% cause only moderate voltage losses (10-20 mv) 
a t  lOOd00 ma/=*. A t  higher conversions, the voltage loss increases 
rapidly with increasing current density. A s  might be expected, the 
conversion a t  which th i s  rapid rise begins decreases with increasing 
current density. 
The extent of carbonate build-up during cell   operation was 
determined a t  the end of a number of t e s t s  over a wide range of t o t a l  
gas flows. Table 3-13  and Figure 3-49 show se t s  of data for t e s t s  
with Fuel Cell Asbestos and Quinterra Asbestos matrices. With both 
matrices, the relationship betweer, conversion and t o t a l  gas flow is 
approximately l inear.  From the s l o p  of the curve for the tests w i t h  
Quinterra Asbestos, it is estimated that approximately 0.5 ppm carbon 
dioxide was absorbed from the inlet gases. Less extensive data for 
tests with the Fuel Cell Asbestos matrix indicate an absorption close 
t o  1.5 ppm. 
The extent t o  which the electrolyte  can be converted t o  
carbonate without causing unstable performance a t  100-600 ma/cm2 is 
of interest .  Lowest conversions are estimated i n  Table 3-14 from 
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the conversion data of Figure 3-49 and the l i f e  test data of Table 3-6. 
The test shown a t  each current density is tha t  whiah had operated 
stably for the longest period a d  the   h ighes t   to ta l  flow of reactant 
gases. It can be seen that  s tabi l i ty  is possible for conversions up 
t o   a t   l e a s t  28-42$ a t  100-200 ma/cm2 and a t   l e a s t  22$ a t  300 ma/cm2, 
154 a t  400 ma/cm2 and 134 a t  600 ma/cm2. Subsequent ins tab i l i ty  was 
not necessarily due t o  additional carbonate build-up. 
Table 3-14 a l so  shws the minimum voltage loss a t   t h e  end 
of each test (estimated from Figure 3-48 t o  have been caused by 
carbonate formation)with the t o t a l  observed voltage loss: Possible 
local deposition of solid K&03 in electrode pores during prolonged 
operation may have caused s t i l l  higher losses. Comparison of these 
minimum losses with the t o t a l  voltage losses shows that carbonate 
formation was responsible for a substantial portion ( a t  least  20- 
8 6 )  of the t o t a l .  This portion varies randomly with current d e n s i t y  
and averages close t o  one-half for  the s table  tests indiuated, 
It should be noted, however, t h a t  i n  a fuel battery operating 
with recycled gas stream( s )  the  ra te  of carbonate build-up and the 
voltage loss associated with it would be considerably less than found 
here. 
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3.3.3.4 KOH Concentration Gradlent 
The cell  reaction  creates KOH concentration  gradients  within 
the electrodes and the matrix. An l'overalll' concentration gradient 
across the electrode-matrix sandwich was m e a s u r e d  at leas t  once in nearly 
all tests.  In most tests, operating with co-current gas flow, this 
gradient was across the ex i t  end of the sandwich. In the few t e s t s  with 
counter-current flm, the measured gradient extended diagonally through 
the sandwich. The magnitudes of these gradients w e r e  estimated fram the 
humidity of the hydrogen and oxygen streams leaving the  cell,  assuming 
water vapor equilibrium between electrolyte and ex i t  gas. Humidities 
were meaeured by weighing the water collected &am the gases, at known 
flow rates, in Drierite tubes. Equilibrium KOH concentrations and over- 
all gradients m e  shown i n  Table 3-15. In most t e s t s  where the gradient 
was detenuined more than once, it remained nearly constant with time 
(within two weight percent)  for  intervals as long aa lg00 hours. 
As is  t o  be expected for  an alkaline fuel cell, the concentra- 
t ion  at the cathode was nearly always greater than at the mode. The 
mador exception occurred in Test 2 - 9 4  during the period 5700-9400 hours. 
Whereas for  the first 4000 hours of this t e s t ,  the direction of the 
gradient had been normal,(2) a l l  exi t  gas humidity measurements made 
during the  l a t t e r  interval  showed a reversa l  in  direction, followed by 
a re turn t o  the normal gradient  direction  after 9400 hours. 
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l't can be seen that in the great majority of tests (46 out of 
61) the  average gradient was small (5 4% even a t   cu r ren t   dens i t i e s   a s  
bigh as 400-600 ma/cm2). This resulted  primarily from humidifying the 
inlet gases t o  high inlet dew points (55-72°C ). Thus, in tes ta  with 
the Quinterra Asbestos matrix at 200-300 =/an2 with dry gases  (Tests 
2-420, 2-425, 2-kl ) ,  the  average gradient was 8.2-9.7$. Operation 
with humidified gases a t  400 -/an2, at which current  density  the 
gradients would be expected t o  be even higher, reduced the average 
gradient t o  3.0-4.5$ (Tests 2-445, 2-433, 2-444). 
Previous investigation(*) showed tha t  s t ab le  performance with 
the Fuel Cell Asbestos and Ceria-PTFE matrices i s  usually possible when 
the overal l  KOH concentration gradient is not above 6-7$ and 3-4% respec- 
t i ve ly .  It has a l so  been shown t ha t  s t a b i l i t y  could be obtained with 
the Quinterra Asbestos matrix at gradients up t o  13$, at least for 
current densities up t o  300 =/an2. As in this previous work, the low 
concentration gradients obtained i n  the majority of t e s t s  conducted 
under the present contract did not actually guarantee stabil i ty.  Never- 
theless,  they probably made possible the achievement of stable performance 
for  substantial periods at current  densities up t o  600 ma/cm2. 
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Polarizatim Conditions 
Cell:  Two-inch 
TABLE 3-9 
POST-TEST POLARIZATIONS - BOTH ELECTRODES FROM LIFE  TESTS 
FLectrodes: AB-40 - Assembled Dry 
Matrix: 20 - Mil Fuel Cell Asbestos 
Electrodes 
from 
Life 
Test 
Life Test Conditions 
Current 
Density  Total
Temp. 
Matrix (OC) c2) (Hours) Duration 
Polar iza t ions  a t  ops ig ,  100°C & 50gb KOH 
f i e sh  
2-494 
2-428 
Ceria-PTFE 100 200 2324 
Ceria-PPFE 125 230 1721 
2-603 
2-461 
Ceria-PTFE 150 100 
Ceria-PTTE 2-434 
2 - 4 s  
Ceria-PTFE 125 lo\) 36; 
258 
300 
Ceria-PTFE lZ5 12 300 
Quinterre  Asbes os 100 003 262 
Quinterra  Asbes os 130 200 229 2-450 
420 2133 
2d3 2321 
Quinterra  Asbestos 130 2-446 
Quinterra  Asbestos 100 2-423 
1152 
Quinterra  Asbestos 100 430 1481 2-445 
Quinterra  Asb stos 100 200 2-486 
785 
2-469 
2-49 Quinterra  Asbes os 100 61-10 573 
Polar iza t ions  a t  45 p s i l ,  %J°C & 30;b KOH 
Fresh 
2-652 Ceria-PTFE 9 100 2200 
Catalyst Weight(a) Before Polarization 
Compared w i t h  Weight Be o e Life Test 
(% Change)fbf 
Anode Cathode 
0 
28 
9 
- 7  
-14 
3 
-27 
35 
28 
1 2  
4 
37 
20 
0 
0 
0 
-32 
- 49 
-40 
- 6  
- 6  
-45 
-22 
-24 
- 4 1  
- 36 
- 7  
-24 
-15 
0 
u 
Resistance 
Cel l  
6.8 
8.0 
16.5 
8.0 
11.2 
6.6 
6.6 
7.0 
8.9 
11.0 
7.5 
6.9 
6.7 
7.0 
6.0 
7.4 
Working Voltage (v) a t  Current Density 
(ma/cm2) o f :  
0 inn ?:IO 300 4sq 600 
1.103 .932 .885 .845 .787 .698' 
1.172 ,934 .849 .7% -721 .558 
1.115 .834 - .614 .4%Jr - 
1.100 .907 ,840 .76& -679b - 
1.102 ,867 .803& . 7 4 1 ~  - 1.121 .922 .871 .823 .76g .653 L 
1.154 .918 .a59 .a23 .775& .61zr 
1.144 .878 .797 .TO2 .608& - 
1.081 .895 .830 .766 .TO3 .499r 
1.135 .887 .a27 .753 .649 - 1.141 .a86 .817 .748 .66: .499 
1.121 .917 ,870 .827 .782 .686' 
1.163 .a92 .832 ,775 .723  .566 
1.115 .%1 .923 .891 .858 .804 
1 . ~ 8  .979 .926 .884 . 8 k  .777 
(a) Electrode catalyst  weight  averages 1.39e; remainder of electrode average 4.09s. 
(b) Apparent increase  in  ca ta lys t  weight due t o  occluded matrix and/or potassium carbonate. 
.L Voltage loss > 3 mv during 5 minute intervals. 
Polarization Conditions 
Electrodes: AB-43-Assembled  Dry 
Cell: Two Inch 
Matrix: 20 Mil Fuel Cell Asbestos 
Temperature : l00OC 
Pressure: 0 psig 
KOH Conc.: 50% 
KOH Loading: 2.5 e;/2 h t r i x  
TABLE 3-10 
POST-TEST  POLARIZATIONS-INDIYUAL  ELECTRODES  FROM LIFE TESTS 
Electrodes 
From 
Life Test 
Fresh 
2-450 
2-461 
2 - 4 s  
2-494 
2-406 
2- 4% 
2-1145 
2-469 
Catalyst Weight (b) 
Before 
Polarization 
compared 
Life-Tested(a) Before L i f e  e t 
Electrode ($ Chanae)TCB 
With Weight 
Anode & 
Cathode 
Anode 
Cathode 
Anode 
Cathode 
Anode 
Cathode 
Anode 
Cathode 
Anode 
Cathode 
Anode 
Cathode 
Anode 
Cathode 
Anode 
Cathode 
- a  
3 
4 
- 8  
-19 
9 
-30 
- 42 - 43 
-15 
20 
34 
2 
-22 
-25 
37 
1 
[ c j  Electrode catalyst weight average 1.39~; i 
a )  Counter Electrode for polarization i s  a f. 
( c l  Increases in catalyst  weight due to  occ lu  
Cel l  
Resistance 
Working Voltage (v)  a t  Current Density (ma/cm2) of: 
(Milliohns) 0 100 200 300 40'3 600 
6.8 1.103 .932 .a85  .a45 .m7 ~ 9 0 1  
6.3 
6.8 
7.0 
7.1 
6.9 
7.2 
6.8 
8.0 
8.7 
7.2 
7.2 
7.4 
6.9 
8.6 
6.0 
0.2 
1.078 
1.062 
1.000 
1.142 
1.070 
1.123 
1.060 
1.060 
1.080 
1.044 
1.070 
1.053 
1.072 
1.168 
1 082 
1.156 
.a41 
.a36 
- 
.a31 
.a43 
.a19 
. a43 
.7% 
.754 
.756 
.a46 
.a06 
.am 
. a20 
.795 
D 802 
I 
1 AB-40 
:trode screen weight averages 4.0gg 
matrix and/or carbcnate 
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TAEIZ E l l  
AVERAGE CRYSTALLITE SIZE OF LIFE-TESTED  ELECTRODES 
Test 
?-8h 
Electrode. 
2-357 
2-24 
2-476 
2-477 
2-425 
2-491 
2-484 
2-475 
2-478 
2-421 
2-433 
2-445 
2-446 
2-480 
2-470 
2-468 
2-465 
2-451 
2-430 
2-428 
2-449 
2-435 
2-483 
2-441 
2-423 ( c )  
Tot d( a) 
Femp. Densits Duration 
Current Test 
,"c) (ma/cm ) (Hours ) 
"- "- "_ 
100 100 5,007 
100 100 10,247 
100  200 ll4 
100 200 1,170 
100  200 3,330 
90 300 426 
90 300  911 
100  300 218 
100 300 818 
100  300 2,150 
100  400 512 
100 400 1,481 
100  400 2,009 
100  400 2,132 
80 600 4 30 
90 600 1,058 
100  600 16 4 
100 600 696 
125  200 80 8 
12 5 200 1,721 
12 5 300 138 
1 2 5  300 599 
150  100 168 
15 0 100 474 
150  200 256 
n till test was stopped. 
Average Crystal l i te  
Anode Cathode 
(b ) 
0 
Size  ( A )  Of: 
95 95 
115  105 
90 
110 115 - 120 
150  15 5 
100 120 
115 120 
120  120 
115  115 
135  150 
135  15 5 
85 130 
95 145 
90  160 
- 115 
115  115 
100 130 
110  150 
- 
160  140 
160  165 
105  120 
135  15 5 
3-05 110 
140  135 
120 140 
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TABLE 3-12 
POIARIZATION VS. KOH CONVERSION TO KpCOa 
Polarization Cunditions 
Cell : Two Inch 
Electrodes: AB-40 : Assembled Dry 
&trix: 20-mil Fuel Cell Asbestos 
Temperature : 100 OC . 
Pressure : 
KOH Conc. : 
KOH 
Ctmversim 
to K2CO3 
(4> 
0 
0 
10 
10 
x) 
30 
40 
50 
75 
75 
100 
Cell 
Resistance 
(Milliohms ) 
6.8 
7.1 
7.2 
7.6 
7.6 
8.4 
9.2 
9.8 
18.5 
Working Voltage (V) at Current Density (m/c$) of : 
0 100 200 300 400 600 
1.103 932 .885 .845 787 .698 
1.066 9% 8-77 ,838 9 795 .TO4 4 
1.048 .914 8865 .828 790 .695 * 
1.042 0 9 3  .860 .818 .778 .677 .C 
1.052 .889 .8252 9 7094 - - 
1.030 . 8 W  .4982, - - - 
1.008 .662 -5104 - I 
1.070 - 9 8  .862 .821 778  .685 .S. 
1.035  .888 837 789 -725 -587 + 
1.064 873 .811 754  .670 .511 
1.043  .834 534  .425 .%2& - 
JVoltage Loss > 3 mV During 5 Min. Intervals 
TABU 3-13 
KIH CONVERSION To KpCOs DURING TESTS 
Total  Gas Flow KOH 
TLT No. ( L i t e r s  x ($1 
Through Cell Conversion 
Fuel Cell Asbestos Matrix 
2 -476 3.0 
2 -489 21 .o 
2475   8 .6  
2 -473  13.4 
2 -477 5Q -9 
2-487 33 -2 
2 -324 91.5 
Quinterra  Asbestos Matrix 
2-468 
2 -42 5 
2-480 
2-465 
2-445 
2 -470 
2 -446 
2-451 
13.6 
33 07 
34.1 
55 .o 
82.5 
84 .o 
106 .o 
112.5 
-5.4 
8.4 
12.9 
14.4 
E? .8 
19.3 
29.2 
9.0 
8.8 
13.5 
12.4 
14.4 
10.6 
19.1 
22.7 
12 1 
Current 
Density 
Test (%) 
2-324 100 
2-621 200 
2-631 300 
2-446 4OO 
2-644  00
KOH CONVEFEION TO W O 3  AmD PERFORM.NCE UISSES 
Duration 
of Stable 
Performance 
k t r i x  (Hours) 
Fuel  Cell  Asbestos 97m 
Fuel  C l Asbestos 4980 
Fuel Cell Asbestos 1650 
Quinterra Asbestos 1360 
Quinterra Asbestos 720 
Total 
Gas Flow 
(Liters) 
%,m 
132,000 
65 ,500 
71,600 
56 ,700 
Estimated(a) 
KOH 
Conversion 
L
28 
42(' 
22 
15 
13 
Estimated( b, 
Minimum 
Voltage Loss 
From KOH 
Conversion 
(mv) 
44 
67 
37 
9 
I 2  
Tot a1 
Voltage 
Loss i n  
Life Test 
While Stable 
(mv) 
153 
85 
59 
46 
27( 
(a) Estimted from Figure 3-49 
(b)  Estirrated from Figure 3-48 
( c )  From extrapolation of curve 
(a)  Not including sudden voltage drops total l ing 32 mV. 
TABU 3-l5 
KOH CONCENTRATION GRADIENT 
TLT 
No. 
2-357 
- 
- 
2-324 
t
2-602 
2-610 
2-621 
2-632 
2-479 
2-477 
2-458 
2-463 
2-476 
CL 
N 
w 
Nomlnal 
Current KOH Inlet  Gas 
Density Temp.  Conc.  Dew Point 
&trix (ma/C&) (OC (% 1 ("C) 
ACCO-I Asbestos 100 100 50 45 
Gel Cell Asbestos 
Fue !1 Cell Asbestos 
Fuel Cell Asbestos 
Fuel Cell Asbestos 
Fuel Cell Asbestos 
Fuel Cell Asbestos 
Fuel Cell Asbestos 
Fuel Cell Asbestos 
Fuel Cell Asbestos 
Fuel Cell Asbestos 
100 
200 
200 
200 
200 
200 
200 
200 
200 
200 
Equilibrium KOH KOH 
Elapsed conc. ( 4 )  A t :  Conc . 
Time H2  02 Gradient 
(Hours) Exit Exit (% 1 
4195 50.5 49 - 1.5 
4414  48.5 49.5 1.0 
5730 
5925 
6 599 
7070 
7221 
7557 
8613 
9408 
97 
1295 
624 
I22 
19 
647 
18 
815 
428 
20 
44 
21 
50 
50 
50 
51 
49 
49 
51 
43.5 
32 
32 
32 
31.5 
37 
37 
42 
41.5 
39 
42.5 
42.5 
41.5 
48 
48 
48 
48 
47 
45 
48 
48 
36 
33.5 
37= 5 
35 
38 
39.5 
42 
43 
42.5 
44 
43.5 
47 
Average 
KOH Conc. 
Gradient 
(4) 
- 0.2 
- 2.6(a) 
4.5(a) 
4.0 
1.5 
5.5 
3.5 
1.2 
1.2 
3.5 
1.2 
5.5 
TABLE 3-15 (continued) 
TLT 
- NO 
2-601 
2-6ll 
2-631 
2-487 
2-484 
2-489 
2-491 
2-478 
2-4n 
2-458 
2-463 
2-475 
2-420 
2-42? 
Nominal 
Current KOH Inlet  Gas 
Density Temp.  Conc. I k w  Point 
ktrix (=/cm*> ("c) ($) ("c) 
Fuel  Cell Asbestos 
Fuel  Cell  Asbestos 
Fuel  Cell Asbestos 
Ii'uel Cell Asbestos 
Fuel  Cell Asbestos 
Fuel  Cell Asbestos 
Fuel  Cell  Asbestos 
Fuel  Cell Asbestos 
Fuel  Cell Asbestos 
Fuel  Cell Asbestos 
Fuel  Cell Asbestos 
Fuel  Cell Asbestos 
Quinterra Asbestos 200 100 50 D r y  
Quinterra Asbestos 200 100 50 Dry 
Equilibrium KOH KOH 
lapsed Conc. ($) A t :  Conc. 
Time HP 09 Gradient 
Rows ) Exit  Exit ($1 
124 32 
1274 32.5 
97 31 
600 33 
696 34.5 
600 32 
168 32= 5 
23  42.5 
676 42.0 
49  42 
39  38 
354 38.5 
174 41.5 
94 41 
1678 43.5 
1704 44 
1895 44 
2180  45 
1385 44.5 
1559 44 
2255 45 
2683 43.5 
285  5 43.5 
3191 44 
1844 45 
34.5 2.5 
36 3.5 
349 5 3.5 
35 2.0 
37 2.5 
40 8.0 
31.5 - 1.0 
43.5 1.0 
41.5 - 0.5 
44.5  2.5 
430 5 5.5 
43.5  5.0 
43 1.5 
44 3 *O  
52.5  9.0 
53 9.0 
53 9.0 
5 1  6.0 
54.5 10.0 
52 8.0 
50.5 5.5 
52- 5 7.5 
53.5 10.0 
54 10.5 
54 10..0 
Average 
KOK Conc. 
Gradient 
($1 
2.5 
3.5 
3.5 
2.0 
29 5 
8.0 
- 1.0 
0.2 
2.5 
5.2 
3.0 
8.2 
8.8 
TLT 
NO. 
2-421 
2-446 
2-451 
2-445 
2-433 
2-444 
TABLE 3-15 (continued) 
Naminal Equilibrium KOH KOH 
Current KOB Inlet  Gas 
Time Density Temp. Conc. Dew Point 
Elapsed Conc. ( 8 )  A t  : Conc . 
(46) 
B2 02 Gradient 
ktrix (m/cm2) ("C)  ("C) (Hours) Exit Exit (k 1 
Q u i n t e m  Asbestos 300 100 50 Dry 
Quinterra Asbestos 400 100 40 72 
Quinterra Asbestos ~ K I  100 40 72 
Quinterra Asbestos 400 100 50  55 
18 
21 
359 
525 
840 
13 43 
1725 
1917 
41 
41 
40.5 
40.5 
41.5 
41 
40.5 
41  
44.5 
44.5 
44 
44 
44 
4.4 
43.5 
43.5 
44 46 50.5 4.5 
221 46 50.5 4.5 
380 46.5 49.5 3.0 
1008 50 2.0 
a39 48 50.5 2- 5 
1317 48.5  50 1- 5 
Quinterra Asbestos 4C10 100 50 47  52 
52 
IQuinterra Asbestos h 100 50 61 
5-0 
4.0 
1-9 45 50.5  .5 
67 46  49.5 3.5 
23 5 46.5  49.5 
404 
3.0 
4.4 48.5  4.5 
Average 
KOB Conc. 
Gradient 
($1 
9.7 
3.5 
3.0 
4.5 
3-9  
lJominsl 
Current KOH' Inlet Gas 
Density Temp.  Cone Dew' Point 
bktrix (lnB/u+) ("c) ($1 ('C) 
-terra  Asbeatos 
iuinterra Asbestoa 
binterra Asbestos 
Juinterra Asbeatoe 
blainterra Asbestos 
auinterra Asbestos 
2uinterra Asbestos 
2uinterra Asbestoa 
600 80 30 59 
600 m 40 72 
Ceria-mE 100 150 67 72 
CeriayFFFE 200 100 50 55 
Ceria-mE 200 125 60 55 
Equilibrium KOH lcoH 
;lapsea Conc. ($) A t  : Canc . 
TiE! H2 02 Gradient 
Hours) Exit Exit ($1 
!% 31.5 32.5 1.0 
3u 32 33.5 1.5 
. .. 
120 31 35 4.0 
45  38i5 44 
38.5  43.5 
309 4 4 '  . 
1=3 42.5  43.5 1.91 
'15 42 
42 44;5 2.5 
502 44.5 2.5 
73  64.5  68.5  4.0 
334 48 50.5 2.5 
q49 56.5 60 3.5 
=3 56 60.5 4.5 
1702  31 33.5 2.5 
Avewe 
KOH C&C. 
Gradient 
0' 
1.2 
4.0 
5.0 
435 
2.0 
5.8(") 
lo&) 
2.5 
0.5 
4.0 
2.5 
4.0 
4.0 
2.5 
3.0 
1 
lominsl 
current KOH Inlet Gas 
Density Temp. Corn. Dew Point 
htrix (gpa/cm2) ( " c )  ($1 ("C) 
Cerh-FTFE 300 3-25 55 q2 
Ocria-PPPE 300 125 60 55 
Cerir-P!CFE m 125 60 55 
Ceria-= m 125 60 55 
Equilibrium KOH I(XIH 
Elapeed Conc. ($) At: Conc. 
Time %? Op Gradient 
(HOUra) Exit wit (46.1 
52- 5 54.5 
55 55;5 
52.5 55.5 
53 55.5 
53.5 51- 5 
52.5 55*5 
52.5 55.5 
55.5 61 
55.5 60.5 
56 61.5 
56 61 
56 61 
46 60.5 
56 61 
56.5 59.5 
54.5 58.5 
54.5 58.5 
65.5 69 
65.5 65.5 
68 68.5 
- 2.a 
3-Q 
3-0 
5.5 
5.0 
5.5 
5.0 
5.0 
4; 5 
5.0 
3.0 
4.0 
4.0 
3.5 
0 
0.5 
22 48.5 48.5 0 
191 48.5 49.5 1.0 
144 49 50 1.0 
28 68 68 0 
Average 
KOH Conc. 
Gradient 
 
2.0('L) 
- 2.0(4 
3.0 
5.2 
5.2 
4.8 
3.7 
5.3 
0 
1.0 
1.0 
0 
current 
Density Temp. Conc. Dew Point 
(ma/cmg) ( “ c )  (4  1 (‘e) 
55 
55 
55 
72 
72 
Equilibrium KDH RDH 
Elapsed Cone. (e )  A t :  Cone. 
Time fle 02 G r S a i a t  
(Hoars) Exit %it ($1 
169 48.5 “5 
74 47.5 50.5 
(a) G r a d i e n t  during perid indiaated in brackets. 
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~~ CRYSTALLITE SIZE OF LIFE-TESTED CATHODES VE. CURRENT  DENSITY 
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INITIAL  VOLTAGE LOSS vs. KOH CONVERSION TO K2CO3 
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4. LARGE CELL TESTING 
Large c e l l   t e s t i n g  abed at duplicating with battery-size 
electrodes the stable performance a t t a ined   i n  small c e l l   l i f e   t e s t s .  
Quinterra Asbestos, Fuel Cell Asbestos and Ceria-F"E were employed 
as ma t r i ces   i n   t h i s   e f fo r t .  
4.1 Test  Stations 
A t  the start of the contract, two t e s t  s t a t ions  were available: 
one for operation with dry gases only, the other for operation with 
dry gases or with gases humidified i n  small vaporizers. These s ta t ions  
have been descr ibed  in   detai l .  (2) 
During the contract period, a new f ive-s ta t ion  fac i l i ty  was 
designed and constructed. The s ta t ions  were suitable for operation with 
either dry or humidified gases at pressures up t o  at l e a s t  60 psig. An 
overa l l  view of the s ta t ions i s  given in Figure 4-1,. Figure 4-2 shows 
one of  the  s ta t ions  in  more detail. 
A schematic view of a t yp ica l   s t a t ion  i s  shown i n  Figure 4-3. 
Hydrogen (General Dynamics), conkaining less than one p p  carbon dioxide, 
was supplied from a tank truck. Oxygen ( General Dynamics) , containing 
+a 
less than one p p  carbon dioxide, was vaporized from a liquid supply 
tank. I n  order t o  further insure a negligible carbon dioxide content, 
134 
both gases were passed through Ascarite scrubbers located i n  the main 
l ine.  
A t  a   s ta t ion each gas flwed through a solenoid valve, 
pressure regulator, and flawmeter and was then humidified i n  a small 
vaporizer before entering the ce l l .  Gas flaw rates  were controlled 
by needle valves positioned dawnstream from the cell. I n  i n i t i a l  
test8 water was fed t o  each vaporizer fram a supply tank, pressurized 
with nitrogen t o  15 wig above tha t  of the reactant gases, with valves 
controlling the water feed rate .  After  diff icul t ies  were encountered 
i n  closely controlling the feed r a t e  by th i s  means, water was pumped. 
t o  the vaporizers. 
The vaporizer is shown schematically i n  Figure 4-4. Its 
temperature ( 150-170°C), like tha t  of the ce l l ,  was maintained by an 
On-Off controller. Water entering the top section of the vaporizer 
through asbestos flwed onto stainless steel turnings, where it was 
vaporized into the gas stream entering a t   t h e  bottom. Both the 
asbestos, which insured a steady rather than a drop-wise flaw of water 
in to  the vaporizer, a d  the packing, which provided greater heated 
surface area, prevented too rapid flashing that could have led t o  
undesirable pressure surges. Lines from the vaporizers t o  the cell 
and f’ram t h e   c e l l   t o   t h e  flow control valves were heated t o  prevent 
condensation. 
The s ta t ions had several safety devices designed t o  prevent 
the formation of an explosive mixture of hydrogen and oxygen i n  the 
system i n  case of cross-leakage through the  ce l l  matrix. Single and 
double check valves were used t o  prevent any back flow of gas t o  the 
vaporizer or the water feed tanks,  In the event of emergency, provision 
was made for rapidly releasing the reactant gases through a solenoid 
valve i n  a branch of each line leaving the cell. Simultaneously, 
135 
solenoid valves located upstream from the  cel l   shut   off   the  gas and 
water feeds to   t he   s t a t ion ,  opened nitrogen purges t o  both sides of 
the system, and shut off the cell  heater.  The en t i re  sequence could 
be in i t ia ted  through a manual svitch. It could also be triggered 
automatically by a 5 psig rise or f a l l  i n  system pressure (through 
Mercoid pressure switches), by a 10°C rise i n   c e l l  temperature 
(through a high temperature cut-off instrument), or by a f a i lu re  in  
the vaporizer heater (through a low temperature cut-off instrument). 
The drop i n  system pressure following shutdown tripped the low pressure 
switch which prevented the system from re-start ing on i t 6  own. Manual 
switches which by-passed these pressure and temperature safety devices 
permitted test  start-up. 
4.2 Tes t  Cells 
Five pairs of "six-inch" cell faceplates, fabricated during 
the previous NASA Contract, were used fo r   l i f e   t e s t ing .  The ce l l s  
housed six-inch square electrodes (234 cm2 active area) and could 
withstand gas pressure up t o  at least  60 psig. Figures 4-5 and 4-6 show the i r  
i n i t i a l  design which was described previously. (2) Diff icul t ies  had 
(2) 
been encountered i n  assembling ce l l s  of this design with Quinterra 
Asbestos whose poor w e t  strength caused it t o  break repeatedly and cause 
gas cross-leaks prior to start-up. Breakage had occurred principally 
i n   t h e  area between the electrode cavity and the  c i rcular  groove seal 
area, and i n  most cases probably resulted from hydraulic rupture of the 
matrix. To minimize t h i s  problem, closely spaced l inear grooves were 
machined in  the segnent areas of four faceplates, as shown i n  Figure 4-7, 
t o  provide a reservoir for any electrolyte squeezed out of the m&rix 
during compression. I n  a seoond modification, t he  minimum gaps available 
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for the matrix were decreased. Thus, as originally fabricated,  the 
active area and segment areas of each face plate was undercut 5 mils 
below the seal area which i n   t u r n  was  undercut 5 mils below the  area 
outside of the "0" ring. This limited the minimum gap for the matrix 
t o  12 mils in   the   c i rcu lar  groove seal area and t o  22 mils in   the  
active area and segment areas when t h e   c e l l  was assembled with the 
thinnest available insulator ( 2  mil) outside of the "0" ring. The 
l a t t e r  undercuts were eliminated i n  four faceplates in order t o  
reduce these minimum gaps t o  2 mils and 12 mils, respectively, 
ard permit more compression of the matrix. In a third modification, 
recesses were machined i n t o  one s e t  of faceplates, into which elec- 
trode tabs could be inserted and held i n  place by PTFE pins t o  
prevent shirting of the electrode and back-up screen packages during 
assembly. 
Figure 4-8 shows the different cell configurations, varying 
with respect to groove locations and undercut dimensions, which were 
employed i n   t e s t  assemblies. 
4.3 Test Assemblies 
Table 4-1 summarizes cel l  configurat ions,  cel l  assembly 
conditions, and gas cross-leakage data for  a l l  t e s t  assemblies. I n  
some assemblies, a l l  grooves were packed with dried asbestos in order 
t o  physically support the matrix while s t i l l  maintaining an excess 
electrolyte reservoir.  The electrodes and spacer screens were c u t  t o  
f i t  snugly into the electrode cavity and prevent possible drooping of 
matrix within the cavity. The two faceplates were insulated from each 
other outside the "0" r ing seal by e i ther  5-10 m i l  P"F, or by 2 m i l  
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fluorocarbon polymer film. Following assembly, t he  ce l l s  were checked 
for gas cross-leakege by applying a differential   pressure of 1-2 psig 
of nitrogen at room temperature and/or hydrogen at the operating tempera- 
ture. Cells which held this differential  pressure,  generally for two 
minutes, were considered t o  be free of cross-leaks. 
I n  assemblies with 206111 Fuel Cell Asbestos, good sealing and 
no cross-leakage with hydrogen at 9O-lOO"C were obtained with c e l l  con- 
figuration (4), and i n  some instances with the nearly identical con- 
figuration (3),  both with and without packing i n   t h e  grooves. Configura- 
t ions (1) and (2)  used without packing caused cross-leaks with nitrogen 
at 23°C either with or without visible tears in the matrix. Relatively 
th in  l561i l  F'ml Cell  Asbestos matrices  generally  cross-leaked  in  cell 
configuration (4 ) .  
The Ceria-PTFE matrix generally sealed well and did not cross- 
leak with hydrogen at 90-125"C (10 assemblies) i n  a wide variety of c e l l  
configurations [( 2-M), ( 3), (4), ( 6 )  1. Grooves i n   t h e  segmented area and 
the packing of grooves with asbestos do not appear t o  be c r i t i ca l   f ac to r s  
for successful assembly Kith this matrix. For matrix thicknesses of 
21-27 mils, 5-10 m i l  gaps for the matrix in the circular seal  area and 
11-20 m i l  gaps in  the  segmented and active areas are satisfactory, 
Considerable e f for t  was devoted t o  operating with the 20-mil 
Quinterra Asbestos matrix despite its relat ively poor wet strength 
because of i t s  demonstrated superiority at very high current densities 
(300-600 mA/cm2). Thirty-one assemblies were m a d e  with seven different 
cell configurations. Gaps provided for the matrix ranged from 5-23 mils 
in   the   c i rcu lar  groove seal a r e a   t o  15-32 mils in   the  act ive area and 
segment areas. Since the dry matrix swells t o  approximately 50 mils when 
wet with electrolyte, it was compressed approximately 54-905 and 36-70$ 
in these respective areas. 
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I n  all assemblies but one (Test 6-9), t h e   c e l l s  cross-leaked 
with nitrogen a t  23OC or with hydrogen a t  100°C. Cross-leaks were usually 
caused by tears or  p inholes  in  the  sea l  area, i n  the segment area, or 
along the electrode edges. I n  a f e w  cases, cross-leaks occurred even 
with no v i s ib l e  openings in  the matr ix .  
Cell configuration (2)  caused less extensive matrix tearing 
and Less cross-leakage than configuration (1) , at nearly identical matrix 
compression, when the  grooves were not packed with asbestos. With both 
configurations, packing the grooves lessened matrix tearing but did not 
lessen cross-leakage. 
No consis tent  effect  of matrix compression on the amount of 
tearing i s  evident,  partly because the  r e su l t s  were not reproducible. 
Thus, when the gaps in  the  sea l  a r ea  and active area were 19 mils and 
25 m i l s ,  respectively (configuration 2 ) ,  nitrogen did not cross-leak i n  
two assemblies (holding i n  one case a 10 psig pressure different ia l  for  
nearly two hours) but did cross-leak i n  four other apparently identical 
assemblies. Nitrogen cross-leaks were a l so  prevented i n  one assembly 
with a 15-mil gap in  the act ive area and a 5-mil gap in  the  sear  a rea  
( configuration 6 ) .  The r e su l t s  were not reproducible, partly because 
t h e  seals tha t  were established were "borderline." Thus, two of the 
assemblies which did not cross-leak with nitrogen cross-leaked w i t h  
hydrogen under the  same different ia l  pressure,  e i ther  at room tempera- 
ture o r  at 100°C. 
The matrix a160 broke i n  two assemblies i n  a flat  plate  s ix-  
inch cell ,  described previously in detail ' l )  which had operated satls- 
factor i ly   with  the ACCO-I Asbestos metrix. (2) 
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These resul ts  show tha t   the  2 0 d l  Quinterra Asbestos would 
require a more etringent cel l  design and/or assembly rechniques than 
for matrices having better w e t  strength. 
By contrast, adequate sealing was usually obtained w i t h  3O-mil 
Quinterra Asbestos. Six assemblies [configurations (2), (2-M), and (4)  1 
did not cross-leak with hydrogen at gO-lOo"C. Two additional assemblies 
cross-leaked w i t h  hydrogen at 1oO"C, though not w i t h  nitrogen at 23OC. 
4.4 I n i t i a l  Performance Scale-up 
Figures 4-9 and 4-11 through 4-13 compare the i n i t i a l  performance 
of six-inch and two-inch cells with various matrices. 
Good performance scale-up was obtained with a 20-mil Quinterra 
Asbestos matrix at current densities up t o  400 ma/cm2 (Figure 4-9). 
Figure 4-loshows i n i t i a l  performance data with 30-mil Quinterra 
Asbestos matrices in six-inch cells. Although similar data were not 
obtained in two-inch ce l l s ,  a rough comparison can be m a d e  wi th  the  data 
for the 20-mil matrix in two-inch c e l l s  assuming a voltage loss of 10-20 mV 
at 100-200 rna/cm2 caused by the increased thickness. On th i s  basis the 
best  scaled-up performance, at the same temperature (100°C) and KOH 
concentration ( %$), was approximately 20 mV lower at 100 ma/cm2 and 
20-30 mV lower at 200 ma/cm2 ( 7344-156 and 7344-169-3) . Poor scale-up was 
obtained at higher current densities in these tests and a t  all current 
densities in Test 7344-179. Considerably better i n i t i a l  performance at 
current densities above 200 ma/cm2 was obtained i n  two t e s t s  at 90°C and 
3 0 %  KOB (6-12, 6-18). A thi rd test under these conditions (6-10) was 
poor. 
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In four tests with  the Fuel Cell Asbestos matrix, voltage 
losses due t o  scale-up averaged 20-30 mV a t  100-200 ma/cm2 and were 
increasingly higher a t  higher current densities (Figure 4-11). 
Performance of the Ceria-FTFX matrix scaled-up to   wi th in  
30 mV a t  lOO-300 ma/cm2 both a t  90°C and 3 6  KOH (Figure 4-12) and 
a t  100°C  and 5 6  KOH (Figure 4-13). Scale-up a t  125OC and 5 6  KOH 
was poor (Figure 4-13). 
4.5 L i f e  Tests 
A l l  large-cell  l i fe  tests ran at 45 psig. Table 4-2 summarizes 
test conditions and results. 
4.5.1 Tests with Fuel C e l l  Asbestos Matrix 
A l l  tests with the Fuel Cell Asbestos matrix operated at gO-lOO"C, 
X-%'$ KOH, end 100 m/cm2. 
A test with the 15-mil matrix (8136-53) on dry gases declined 
rapidly during 116 hours and w a s  terminated (Figure 4-14). 
With the 20-mil matrix Test 6-6 operated well on dry gases at 
0.95 - 0.96 V fbr 80 hours and then began t o  degrade rapidly  (Figure 4-14 1. 
Water balances showed a concentration gradient of 6-74 KOH across the 
matrix. This undesirably large gradient indicated the need for  humidified 
gases. 
Test 6-5 (Figure 4-14) started on dry gases, was switched t o  
humidified hydrogen a f t e r  23 hours. A t  this point  the vol tage fel l  
from 0.96 V t o  0.91 V, probably because of a low water feed rate. The 
test declined an additional. 22 mV i n   t he  next 120 hours and then fa i led  
suddenly, apparently because the matrix dried out i n  local spots. 
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Test 6-7 operated at the same conditions as 6-5 had on i n i t i a l  
voltage of 0.96 V (Figure 4-15 ). Cell voltage was erratic  during most of 
789 hours because of poor flow control with both water and gas feeds. 
From 1% t o  380 hours the voltage, though e r r a t i c ,  had no net loss. 
The best performance during this period resulted from decreasing the 
nominal KOH concentration from 50% t o  46$ by increasing the humidity of 
the hydrogen feed. 
Tests 6-2  and - 6-4 (Figure 4-15) operated  with  both  gas  feeds 
humidified and equal exit gas flows. Both had high voltage decline rates 
during 48 and 256 hours, respectively, at least par t ly  because of gas 
flow regulation difficult ies.  In Test 6-4 it was found that the small 
ra tes  of water fed by nitrogen pressure t o  both the hydrogen and oxygen 
sides varied as much as -40% t o  +lo$ from the set points, causing voltage 
fluctuations between 0.76 V and 0.89 V. Numerous water balance measure- 
ments showed that the hydrogen feed removed &-loo$ of t he  water pro- 
duced i n   t h e   c e l l  and that consequently the cathode was much drier than 
the anode. To minimize t h i s  drying tendency, nearly a l l  subsequent t e s t s  
with any matrix operated with oxygen feed rates only  slightly above 
stoichiometric, wi th  nearly a l l  product water removed by the hydrogen 
feed. This operating m o d e  is close t o   t h e  one usually used for  bat tery 
stacks. 
4.5.2 Tests with Quinterra Asbestos Matrix 
Tests with Quinterra Asbestos matrices operated a t  9O-lOO'C 
and 28-50$ KOH with either dry or humidified hydrogen and dry oxygen 
feeds. 
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Test 6-9 with 2 0 ~ i 1  Quinterra Asbestos a t  200 ma/cmp 
(Figure 4-16) s t a r t e d   a t  a high i n i t i a l  voltage (0.96 V) and was 
errat ic   during  the first 306 hours beCeUSe of an errat ic   water  feed 
t o   t h e  hydrogen humidifier. Better control of the feed water during 
the  next 24 hours raised the Voltage frcm 0.90 t o  0.92 V. Performance 
was stable during the follauing 430 hours. The t e s t  was terminated 
accidentally  during  electrical   installation work in   the  laboratory.  
Tests with xo-mil Quinterrs Asbestos matrices are shown i n  
Figure 4-16. Test 6-12 at 100 ma/cm2 ran er ra t ica l ly  for 380 hours, 
mostly at 0.93 - 0.95 V and an overall   decline  rate of 5.5 mV/lOO hours. 
It was terminated by blockege in   the  oxygen exit valve, apparently caused 
by entrained KOH. T e s t  6-10 at 100 ma/cm2 started at a low voltage 
(0.92 V) which rose gradually t o  0.94 V during 160 hours. The t e s t  was 
terminated when the high temperature safety switch was severely jarred. 
A th i rd  test at this current density (7344-179) declined rapidly Prom 
0.90 V t o  0.88 V during 21 hours. The voltage was restored t o  0.90 V 
during the next 27 hours by lowering the gas flows t o  reduce the nominal 
KOH concentration frm 5 6  t o  4@. The t e s t  was terminated by a loss 
of hydrogen l ine pressure. 
Test 6-18, operating at 200 m/cm2, declined at an unacceptable 
18 mV/lOO hours ra te   for  h-00 hours before being intentionally terminated. 
The reason for the high decline rate was not apparent. Minor cathode 
erosion and matrix discoloration, indicating possible cross-leakage, 
were found adJacent t o  a nickel screw which held the electrode back-up 
screen package i n  p lace  in  th i s  ce l l .  However, i n  a bubble-pressure 
check after' temination,bnt  before disassembly of the   ce l l ,  no cross- 
leakage of nitrogen occurred u n t i l  L 48 psig  pressure  differential 
was placed across the matrix. 
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4.5.3 Tests with Ceria-P"E Matrix 
A l l  tests with the  Ceria-€TF'E matr ix . ran at 100 ma/cm at 
2 
i n i t i a l  vo l t ages  which were mostly 0.97 - 0.99 V. Five tests at 90°C 
and one at 125°C ran f o r  17-113 hours before being terminated by 
operat ing diff icul t ies  (TW 6-11, 6-13, 6-14, 6-15, 6-17, 6 - 3 ) .  
Figure 4-18 shows tests which operated for longer periods. 
Test 6-16, operating at 90°C with both gases humidified, declined 
rapidly during t h e   f i r s t  184 hours and then became very stable for 
the next 200 hours. A low water feed r a t e  caused a subsequent rapid 
voltage decline, followed by f a i l u r e  when the matrix apparently 
became d ry  in  spo t s  and cross-leaked. Test 6-8 operating a t  100°C 
with humidified hydrogen declined rapidly during 256 hours and 
then failed abruptly for the  same reason as Test 6-16. Test 6-1, 
r u n   a t  l25OC on dry gases, had a law i n i t i a l  vo l t age  (0.92 V) and 
was e r ra t ic   dur ing  210 hours. 
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Assembly 
o r  Test 
Fuel Cell  
8136-48.3 
8136148.4 
8136-492 
8136-49-1 
813653 
7676-156 
7676-164 
7676-158. 
7676-160 
8216-62-1 
8216-62-2 
8216-62-3 
8U6-62-4 
8u6-65 
6-6 
8216-68.1 
6-5 
6-2 
6-4 
8216-80 
6-7 
CEUA-FTFI 
6-l3 
6-11 
6-15 
6-17 
6-19 
zbestos Mstrix 
15 
15 
15 
15 
15 
20 
20 
20 
20 
20 
20 
20 
20 
X )  
20 
20 
20 
20 
20 
20 
20 
TABLE 4-1 
LARGE CELL ASSEMBLY  CONDITIONS AND GAS CROSS-LEAKAGE 
Gap for Matrix 
( ~ 1 s )  in: 
Insulator Groove Area & 
(b) Circular Active 
Thickness 
Grooves 
Seal Segment  Packed with 
Area Area Asbestos (Mils 1 
10 
10 
10 
10 
10 
5 
5 
10 
5 
5 
10 
10 
10 
10 
10 
10 
10 
5 
10 
5 
10 
5 
5 
5 
5 
5 
10 
10 
10 
10 
10 
18 
18 
23 
19 
5 
20 
20 
10 
10 
10 
10 
10 
5 
10 
5 
10 
5 
5 
5 
5 
5 
19 
19  
19 
19 
19  
27 
27 
32 
25 
15 
20 
20 
20 
20 
20 
20 
20 
14 
14 
19 
19  
ll 
ll 
si 
ll 
15 
No 
Yes 
Ye 8 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
Yes 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Ye 8 
( C )  
Location 
of Tears 
(c 1 (c) or Pinholes 
No cross-leak with Cross-leak with in  k t r h  
Asasmbly 
or  Test 
MBtrix 
Dry 
Cell 
(HitLla 1 No. 
hickness  Configuration 
E (cont'd) 
23 (i - - 
.&I 
21(i) 
25(i)  
estos Matrix 
20 
20 
20 
20 
20 
20 
x, 
x, 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
X) 
Oap for k t r i x  
(Mils) in; 
(b) Circular  Active 
Thickness 
Insulator Groove Area & Grooves 
Seal 
Area 
Sement Packed with 
Area Asbestos (Mils I 
5 
5 
5 
5 
5 
5 
10 
0 
5 
5 
5 
5 
5 
5 
5 
5 
10 
(d 1 
2(e) 
2(e)  
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
10 
5 
5 
5 
5 
5 
5 
10 
13 
13 
18 
18 
18 
18 
18 
18 
18 
18 
23 
16 
16 
19 
19 
19 
19 
19 
19 
19 
19 
10 
10 
10 
10 
14 
14 
14 
14  
14 
14 
20 
22 
22 
27 
27 
27 
27 
27 
27 
27 
27 
32 
22 
22 
25 
25 
25 
25 
25 
25 
25 
25 
X) 
20 
20 
20 
No 
No 
No 
NO 
Yes 
Yes 
No 
No 
Yes 
No 
No 
No 
No 
Yes 
Yea 
Yes 
Yes 
No 
Yea 
BO 
Yea 
No 
No 
No 
No 
No 
Ye a 
Yes 
Yes 
Yea 
Yes 
Yea 
(C 1 
location 
of Team 
(e) (c) or Pinholes 
No cross-leak  with Cross-leek with in Mntrix 
N at 23'C $ at 23°C(f) 
TABLE 4-1 (Continued) 
Gap for Matrix 
( ~ 1 s )  in: 
(b) Circular Active 
Thickness 
Insulator Groove Area & Grooves 
Seal  
Area 
Segment Packed with 
Area Asbestos (Mils ) 
10 
10 
5 
5 
- - 
5 
10 
5 
5 
5 
5 
5 
5 
10 
10 
5 
16 
- - 
18 
10 
19 
19 
19 
19 
5 
5 
19 
19 
15 
23 
- - 
27 
16 
25 
25 
25 
25 
14 
14 
No 
Yes 
No 
No 
- - 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
( C  1 
Location 
of Tears 
( C )  (c) or Pinholes 
No  cross-leak vith Cross-leak with in Matrix 
- - 
N2 at 23'C 
- 
- 
N2  at 23'C 
Ne at 23'C 
5 at WOC 
N2 at 23'C 
H2 at 100cC 
3 2 :;;:c
H2 at 23'C 
N  at  23°C HE at ~ O O D C  
H at W'C 
6t %fc 
N  at 23'C $ at 23'C 
5 at ~ W C  
N2 at 23OC 
Np at 23'C 
5 at ~ W C  
H~ at 100' c 
- 
- 
- 
H2  at  loO°C 
- 
- - 
TABLE kl (Continued) 
LETTER KEY 
(a) When  wet  with  electrolyte,  uncampressed 20 mil Fuel  Cell  Asbestos  and  Quinterra 
Asbestos  swell  to 28-30 mils and  approximately 50 mils thick  respectively 
(b) Insulator  is  of PTFE unless  specified  otherwise 
(e) During  start-up 
(d) Insulator  omitted  to  determine  effect of minimum  matrix  gap  spacing  with  this 
cell configuration  on  matrix  leakage 
(e) Flurocarbon  film  insulator 
(f) No cross-leak  under a 10 psig  differential  for 110 min. 
(g) NO frame  around  matrix  to  limit  compression 
(h) 10-mil PTFE framaround  matrix 
(i)  Thickness  of  matrix  saturated  with  electrolyte 
(j) Tears  or  pinholes  in  matrix  adjacent  to  circular  groove  area of face  plates 
(k) Tears  or  pinholes  in  matrix  adjacent  to  segment  areas of face plates 
(1) Tears  or  pinholes  in  matrix  near  edge(s)  of  electrodes 
(m) Tears  or  pinholes  in  matrix  between  electrodes and ga kets of flat  plate cell 
(n) Back-up screen  misaligned 
Cell: six inch 
Electrodes: ~ ~ - 4 0  
TABLE 4- 2 
LARGE CELL LIFE TESTS AT 45  PSI^ 
Nominal 
Water 
Feed Rate Inlet In l e t  Cas Feed 
(ccfmin.) t o  Cas , Rate , 
Average(d) 
Decline Reason 
Toltage 
TESTS WITH FUEL CELL A! 
0 9 3  
103 100 
mSTS WITH QUD?lTXM ASBE: 
6-9 200 100 
6-12 loo go 
6-10 loo 93 
7344-179 100  100 
6-18 200  90  TESTS WITH CEUA-PPFE I. 
6-11 100 93 
6-13 loo 93 
6-14 I 100 93 6-15 100 93 6-17 100 93 
6-16 100 93 
6-8 100 100 
6-1 100 125 
6-3 100 125 
STOS MAm 
30 
30 
50 
50 
50 
50 
50 
28 
28 
50 
40 
28 
rw 
30 
30 
30 
30 
30 
30 
45 
59 
50 
20 
20 
15 
20 
20 
20 
20 
30 
30 
30 
30 
23 
24 
27 
21 
26 
26 
19 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
2.3 
1.5 
2.0 
2.3 
1.5 
- 0.9 
- 1.2 - 1.0 - 1.5 
- 1.6 
- 1.3 - 1.5 
50 
49 
42 
40 
47 
46 
52 
64 
52 
63 
53 
- 58 
- 59 - 55 - 73 
- 67 
- 75 - 85 
0.51 
0.51 
0.28 
0.28 
0.56 
0.39 
0.39 
0.78 
0.39 
0.39 
0.39 
0.39 
0.39 
0.45 
72 
72 
Dry 
Dry 
55 
55 
55 
72 
72 
Dry 
12 
72 
72 
72 
72 
72 
72 
65 
Dry 
Dry 
72 3,900  8 1.0 
72 3,900  6 1.0 
Dry 1 360 1 280 1.0 
Dm 1:360 1:280 1.0 
Dry 5,900 115 193 
Dry 5,900 115 193 
12 5,900 170 61 
72 5,900 170 67 
72 5,900 170 67 
72 5,900 170 67 
Dry 9,500 115 320 
Dry 673 580 1.0 
Dry 670 580 1.0 
I 4 8  
256 ! 2: 
1 143 789 
0-306 
330-760 
396-330 
380 
163 
21-48 
0-21 
402 
69 
93 
70 
l l 3  
184-383 
0-184 
383-503 
47 
256 
210 
17 
.%9 
.948 
.980 
.%4 
.956 
.%5 
.959 
A95 
-923 
.976 
.948 
.w 
.e77 
.915 
. 9 n  .* 
.976 
.989 
.%8 
.947 
.947 
.984 
.922 
-917 
.981 
.a95 
.918 
.9x, 
.945 
.943 
A77 
.8% 
.828 
.%2 
.%3 
.933 
.957 
.945 
.947 
.947 
.932 
.E90 
.e92 
.917 
'J!ABU 4-2 (continued) 
GENERAL NOTES 
m-40% o f  t h e  t o t a l  e l e c t r o l y t e  i n  t h e  c e l l  was 
in t roduced  in  the  e l ec t rodes  p r io r  t o  ce l l  assembly 
P r io r to  any accelerated o r  abrupt voltage decline 
Maximum voltage within f irst  100 hours 
Average slope of voltage-time curve prior t o  
accelerated or abrupt voltage decline 
Voltage e r r a t i c  
Accelerated voltage decline 
Voltage r i s ing  
Decline rate estimated. from average slope through 
peaks of erratic voltage-time curve 
(i) Oxygen feed passed through saturator a t  72% 
! 
Reason f o r  Termination 
Test  fa l led abrupt ly  
Gas cross-leak 
Voltage e r r a t i c  
High vol tage decl ine rate  
Accelerated voltage decline 
Safety switch in gas exhaust ducts tripped accidentally 
during electrical i n s t a l l a t i o n  work 
No e x i t  oxygen flow -va lve  blocked by entrained KOH 
High temperature cut-off switch tripped when j a r r ed  
Loss of hydrogen l ine  pressure  
(10) Plug and spl i t  connector  at check valve downstream from 
oqygen vaporizer - heater  for  hydrogen vaporizer failed 
(11) Plugged check valve i n  oxygen l i n e  
(12) Plugged check valves 
(13) Low temperature cut-off probe accidentally knocked out 
of vaporizer - cooled below 50OC and shut down s t a t ion  
(14) Low water feed rate probably caused matrix t o  dry out 
(15) Loss of oxygen l ine  pressure  
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SIX INCH PRESSURE CELLS - CONRIGURATIONS USED FOR TEST-ASSEMBLIES 
' / / I  I 
\ \I  1 
CELL 
N 0.. SECTIONS "" X Y x '  Y '  
CONFIGURATION GROOVES 
UNDERCUT DlMENSllONS (MILS) 
(3) RS 0 5 0 5 
(4) RS 0 5 0 4 
( 5 )  RR' 6 2 5 5 
(6 ) RR'  0 5 0 5 
(a) SECTIONS R & R '  ARE CIRULAR 
SECTIONS S & SI ARE SEGMENTAL 
Figure 4-8 
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.INITIAL PERFORMANCE SCALE-UP 
20-MIL QUINTERRA ASBESTOS MATRIX 
100 'C: 45 psig: 50% KOH 
2-614 - 7344-144 
Figure 4-9 CURRENT DENSITY (ma/cm2) 
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LARGE CELL  LIFE TESTS AT 45 PS:IG 
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LARGE CELL LIFE TEST AT 45 PSlG 
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5.1 Preferred Condit ions for  2000-Hour Performance 
Under t h i s  c o n t r a c t  effort, t h e  AB-40 anode and cathode have 
demonstrated high and s t a b l e  performance f o r  2000 hours or more e t  
90-lOO"C and 100-200 ma/cm2. Fuel  Cell  Asbestos (20 mils) and 95/5 
'Ceria-PTFE (20-30 mils ) a r e  recommended matr ices  for  these condi t ions.  
Table 5-1 shows preferred levels  of the  opera t ing  var iab les  a t  these  
C tmen t  dens i t i e s  and gives performance levels. A single preferred 
cur ren t  dens i ty  was not selected because i t s  choice depends on 
unspecified parameters such as battery power output and mission time. 
The preferred pressure is  45 psig because it yields substan- 
t i a l l y   h i g h e r  performance than lower pressures and would probably 
cause no s ign i f i can t  i nc rease  in  system weight. It is est imated that  
a t   p r e s s u r e s  up t o  approximately 60 psig a battery housing would not 
have t o  be heavier  than that  required for  adequate  s t ructural  s t rength.  
It i s  assumed tha t  t h i s  p re s su re  w i l l  a l so  not  s ign i f icant ly  increase  
the necessi ty  for ,  northe weight  of ,  auxi l iary equipment required t o  
con t ro l  t he  d i f f e ren t i a l  p re s su re  ac ross  the matrix. Safety considera- 
t i o n s  w i l l  probably  requi re  th i s  equipment even for atmospheric pressure 
operation. 
Pre-wetting the electrodes with KOH e q u a l   t o  25% of t h e i r  
d ry  weight is recommended t o  insure stable performance. Removal of 
a l l  product water a t  one electrode, p r e f e r a b l y  a t  t h e  anode where it 
forms, is  advantageous, although it i s  not  essent ia l  for s t a b i l i t y .  
For a bat tery operated with dynamic water removal t h i s  would requi re  
only one recycle compressor-condenser system, with consequent savings 
i n  weight am3 p a r a s i t i c  power. 
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The reccmmnerded i n l e t  hydrogen dew points are preferred 
mainly because they yielded stable performance i n  tests a t  atmospheric 
pressure. Their selection, however, does not necessarily rule out 
other levels. Thus, lower dew points might be advantagema because 
they would reduce the  magnitude of the hydrogen recycle stream. Their 
lover limit would depend on the available codenser coolant temperature. 
Higher dew points would increase the recycle requirement but might 
improve performance s t a b i l i t y  by reducing KOH concentration gradients 
within  the  cell .  
Under the preferred operating conditions, average voltages 
during 2000 hours would be 0.96-0.98 V a t  100 ma/cm2 and O.gl-O.g3 V 
a t  200 ma/cm2, depending on the matrix employed. Average power 
densi t ies  would be 89-91 and 170-173 watts/f%* a t   t hese  same respective 
current densities. 
5.2 Preferred Conditions for 400-1600 Hour Performance 
With presently available matrices, the AB-40 electrodeer provide 
stable high performance for  substant ia l  periods w i t h i n  the range 400- 
1600 hours, a t  higher current densities (300-600 ma/cm2) or temperatures 
( 125-15OoC) than  those  generally employed in   a lka l ine   mat r ix   fue l   ce l l s .  
Both the higher a m e n t  density and temperature capability are useful 
for  overload conditions i n  cells t h a t  mlght operate nominally a t  100- 
200 mqcm'  and 90-lOO"C for  2000 hours or more. 
For shorter missions, selection of these higher current 
densit ies and temperatures as t he  nominal levels could provide several 
potential  advantages. Thus, a t  high current density the  decrease in 
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bat te ry   s ize  and weight might more than canpensate for the greater 
weight of fuel  and related tankage. The higher temperatures permit 
operation a t  KOH concentrations above 5 6 ,  thereby raising the 
performance leve l  a t  100-300 ma/cm*. (2)  Other possible advantages 
of higher temperature include (1 )   ea s i e r  removal of battery  heat,  
( 2 )  reduced recycle requirements a t  fixed electrolyte concentration 
and inlet gas dew point, a d  ( 3 )  less r e s t r i c t i o n  on the temperature 
of the available condenser coolant, i.e. operation a t  higher coolant 
temperature f o r  a fixed electrolyte concentration. 
Table 5-2 gives preferred operating conditions. A t  each 
current density-temperature-pressure combination, only the matrix 
selected i s  sui table  for  the  duration indicated. While 45 psig is  
the preferred pressure for operation w i t h  the Ceria-= ard Fuel 
Cell Asbestos matrices, atmospheric pressure operation is recommended 
f o r  the much weaker Quinterra Asbestos matrix. 
The recommended KOH concentrations are about the highest 
t h a t  would permit stable operation. A t  125OC, 5 6  and 6 6  KOH and a t  
150°C, 5C$ and 6"$ KOH are  both recommended. Since the room tanperature 
so lubi l i ty  of KOH is 52$, 5 6  KOH should permit simple cold re -s ta r t  
of a battery i f  It were temporarily shut down. 60-67$ KOH would 
raise the performance level but would require a cooling-dilution 
cycle for temporary shutdown. 
M o s t  of the other operating conditions are the same ae 
those preferred a t  g0-lOO"C and 100-200 ma/cmp. 
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5.3 System Weight Per Net Power 
Under a previous NASA contract,(') an estimate was made of 
the weight per net power of a hydrogen-oxygen f u e l   c e l l  module which 
m i g h t  incorporate the AB40 electrodes. This estimate considered the 
dynamic removal of product water and the removal of battery  heat by 
the reactant gases, either with or without auxiliary liquid cooling. 
It was shown t ha t  8 2 klJ module producing 0.85-0.80 V/cell a t  250-400 
ma/cm2 respectively should weigh, exclusive of f u e l  and related 
tankage, 47-52 lb/kW. In this estimate the battery weight was close 
t o  one-quarter of t he   t o t a l .  
Based on the results of the present contract, average voltages 
should be as high as 0.93 V a t  200 ma/& (2000 hours) and 0.81 V a t  
400 ma/cm2 (1300 hours ). Aceordingly, a module incorporating AB-40 
electrodes and currently available matrices should have about the same 
weight per net power a t  both current densities as that estimated 
previously. 
5.4 F'urther Matrix Development 
The r e su l t s  of this  contract  and of the previous NASA 
contracts(',*) indicate that the AB-40 electrodes might possibly 
provide exceptionally high sustained performance for 2000 hours or 
more a t  temperatures (up t o  20OoC) and current  densi t ies  (up to  a t  
l ea s t  600 ma/cm2) which are  U n U S U 8 l l y  high for this   type of f u e l  c e l l .  
A t  a decl ine  ra te  of 4 mV/lOO hours, average voltages during 2000 
hours might be as high as 1.06 V a t  100 ma/cme and 0.85 V s t  600 ma/cm2. 
Present matrix limitations (corrosion, breakage, gas cross-leakage or 
high ohmic resistance) appear t o  be the only obvious b a r r i e r   t o  
realizing the full potential  of these electrodes for spce  applications. 
Accordingly, it is recommended that suitable matrices be developed. 
172 
TABLE 5-1 
PREFERRED CONDITIONS FOR 2000-HOUR OPERATION 
Electrodes: AB-40 
Pressure: 45 psig 
Fraction of Water  Removed a t  Anode: 1.0 
I n l e t  w g e n :  Dry 
Current 
Density 
Matrix 
Fuel Cell Asbestos 100 
200 
Inlet  KDH Loadings (a) 
KOH Hydrogen 
Temp.  Conc . Dew Point 
("c) (%) ("C) (g Dry E k t r o d e s )  (a) 
100 50 55 0.25 1.5 
90 30 72 0.25  1.5 
100 50 55 
100 50 0.25 0.5-1.0 55 
0.5-1.0 0.25 
Average (b ) 
Power 
I n i t i a l  Average (b) Density 
0.9  0.56 89 
0.94 0 .g1 170 
1.00 0.98 91 
0.56 0.93 173 
(a) Separate KOH loadings fo r  electrodes and matrix 
(b) Average during 2000 hours 
TABLE 5-2 
PREFERRED CONDITIONS FOR bo-1600 HOUR OPERATION 
Electrodes: ~ ~ 3 - 4 0  
Fraction of Water Removed a t  Anode: 1.0 
In l e t  Owgen: Dry 
I n l e t  
(C 1 
KOH Loadings 
Average 
Current Hydrogen 
I n i t i a l  Average Density KOH Dew Density 
(c) Power 
( z2) ("C) (Hours) Matrix  (psig) ($4 (V) 
(b ) 
Temp. Duration  Pressure Conc. Point Voltage  Voltage 
-
125 1300 9515 Ceria-PTFE 45 50(a) 55 
45 60 55 
150 400 9515 C e r i a - m  45 55 
45 67 55 
125 1300 95/5 C e r i a - m  45 50") 55 
45 60 55 
90 1600 
w i n t e r r a  Asbestos 0 30 72 90 700 
Quinterra  Asbestos 0 40 72 100  1300 
Fuel  Cell  Asbestos 45 30  72 
Permits simple cold re-start though a t  a loss i n  performance level  
Separate KOH loadings for electrodes and matrix 
Average for duration shown 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.5 - 1.0 
0.5 - 1.0 
0.5 - 1.0 
0.5 - 1.0 
0.5 - 1.0 
0.5 - 1.0 
1.0 
2.0 
1.5 
1.00 0.99 92 
1.04 1.02 95 
1.00 0.99 92 
1.06 1.05 98 
0.97 0.s 179 
1.00 0.98 182 
0.91 0.88 246 
0.84 0.81 302 
0.78 0.76 425 
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